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Fig. 69 
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Fig. 67 
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Fig. 66 
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inate a D.C. current, there is the case where the terminal resistor does not exist. In such a case, the potentials of the 
internal power source voltages Vcc2. ^ss2 the second embodiment, for example, fluctuate irrespective of the existence 
of the terminal resistor. This fourth embodiment improves this problem. 

In other words, as shown in Fig. 72, the characterizing feature of this embodiment resides in that the voltage level 

5 of the internal power source voltage Vcc2 can be controlled on the basis of information that can be set arbitrarily from 
outside. A plurality of resistors (only three resistors R5 to R7 are shown for simplification in the drawing) are disposed 
in place of the resistors R2 and R2' in Fig. 67. and a plurality of N channel transistors Q20 to Q22 are connected between 
the junctions of the resistors and the gate of the transistor ^ , respectively. Furthermore, there is disposed an output 
level control circuit OLC which selectively turns ON and OFF each of the transistors Q20 to Q22 on the basis of control 

10 information from outside (such as a row address strode signal RASX. a column address strobe signal CASX, a write 
enable signal WEX. a reference voltage Vref (which may be generated inside the circuit), a clock signal CLX an 
address signal ADD, ETC). 

Figure 73 shows a structural example of this output level control circuit OLC and Fig. 74 shows Its operation wave- 
form. 

IS The example shown in Fig. 74 represents the operation waveform when data (D) is written from outside, and 
assumes the case of a synchronous DRAM. 

The synchronous DRAM operates in synchronism with the rise edge of the dock signal CLK. When all of the row 
address strobe signal RASX. the column address strobe signal CASX and the write enable signal WEX are set to the 
L level at the point of the clock 0 immediately after making of the power source, the operation mode is a mode of setting 

20 the output condition, and setting is made at this time by applying the address signal ADD to each address input terrni- 
nal. When the output condition is set. this DRAM basically operates in the same way as ordinary DRAMs with the 
exception that it is in synchronism with the dock signal, and column selection and write/readout are executed. 

The circuit shown in Rg. 73 accomplishes this circuit operation. In the drawing, symbols DAq to DAg denote differ- 
ential amplifiers, which detect whether or not each input signal CLK. RASX. CASX. WEX. Aq to A^ is higher or lower 

25 than the reference voltage Vr^p (= 1 .5V). The output of the differential amplifier DAq is inputted to each gate Gq to Ge 
and latches each output <|>i to of each differential amplifier DA^ to DAg. Next, whether or not the signals *2 and <|>3 
corresponding to RASX. CASX and WEX are all at the L level is detected at the gate Gg. and ite output NG opens the 
gates G7 to Gg. Accordingly, the data Aq to A^ at the address input terminals are latched by the conesponding flip-flops 
FFo to FF7 through switches SWq to SWp. respectively. The data thus latched are outputled to the nodes N8 to N10, 

30 and are supplied to the gates of the transistors Q20 to Q22 (see Rg. 72). 

On the other hand, the synchronous DRAM prepares the function of fixed storage by fuses, separately from the dr- 
cuit operation described above. For this purpose, there are disposed fuses Fq to F^. and data to be sent to the nodes 
N8 to N10 are stored in these fuses Fq to F^,. The data for switching each switch SWq to SW^ to the fuse side is stored 
in the fuse Fx. By the way. each of the fuses Fq to and F^ can be cut off arbitrarily by Irradiating thereto ultraviolet 

35 rays from outside. 

As described above, according to the circuit construction shown in Fig. 73. it is possible to arbitrarily set the output 
condition from outside and to store it fixedly by the use of the fuses. 

Accordingly, this fourth embodiment (see Figs. 72 to 74) can select an optimum value for the internal power source 
voltage Vcc2» Vss2 in accordance with the existence of the terminal resistor or the fluctuation of the terminal resistor. 
40 In the fourth embodiment given above, the construction of the power source drcuit has been plained in such a 
manner as to correspond to the second embodiment (see Figs. 66 and 67). However, it will be obvious to those skilled 
in the art that the power source circuit used in the fourth embodiment can similarly be applied to the first embodiment 
(see Figs. 63 and 64). 

Although the present invention has been disclosed and described by way of several embodiments, it is apparent to 
45 those skilled in the art that other embodiments and modHications of the present invention are possible without departing 
from the spirit or essential features thereof. 

Claims 

so 1 . A semiconductor integrated circuit comprising: 

a PMOS transistor (55 or 57) and an NMOS transistor (56 or 58) connected in series between a high potential 
side power source (Vcc) and a low potential side power source (Vss): 
an output terminal (61) taken out from the junction between both of said transistors: 
ss first means (41 .42.43.45.46.47.53 and 54) for causing a push-pull operation of said PMOS transistor and said 

NMOS transistor in accordance with a logic of a signal to be outputted; and 

second means (46 and 47) for cutting off said PMOS transistor in response to a predetermined level designa- 
tion signal (GTL). 
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2 A semiconductor integrated circuit according to claim 1 . wherein the PMOS and NMOS transistors (55,57.56.58). 
the output terminal (61) and the said first and second means (41 .42.43.45.46.47.53 and 54) constitute an output 
circuit which further comprises: 

5 a second PMOS transistor (57 or 55) and a second NMOS transistor (58 or 56) connected in series between 

said high potential side power source and said low potential side power source: and 
third means (52) for detecting determination of a logic state of said junctions or said output terminal; whf fein 
the output terminal (61) is taken out from the junction between said first PMOS transistor and said first NMOS 
transistor and from the junction between said second PMOS transistor and said second NMOS transistor; 

10 the first means (41 .42.43.45.46.47.53 and 54) is arranged to turn ON both of said first and second PMOS tran- 

sistors or both of said first and second NMOS transistors in response to the lo^cal change of the signal to be 
outputted; and 

the first means (47 and 53) is also arranged to turn OFF one of said first and second PMOS transistors or one 
of said first and second NMOS transistors in response to a detem^nation signal of the output logic from said 
15 third means. 

3. A semiconductor integrated circuit according to daim 2, wherein the output circuit is arranged to turn ON both of 
said first and second NMOS transistors when the logic of said signal to be outputted is an L logic and moreover, 
when a predetennined level designation signal is active, and turning OFF belatedly either one of said firet and see- 
so . ond PMOS transistors when the logic of said signal to be outputted is a H logic and moreover, when a predetei- 

mined level designation signal is active; and 

said output circuit includes fourth means (41 .42.43.45.46. 47.53 and 54) for cutting OFF the other of said first 
PMOS transistor and said second PMOS transistor in response to the determination signal of the output logic 
25 from said third means. 

4. A semiconductor integrated circuit accooling to claim 2 or 3. wherein the output circuit ^u'^er^^fT^'^^t!!!? 
means (59 and 60) for controlling the turn-on time of said transistor among said first and second PMOS frarsislore. 
which does not respond to the determination signal of the output logic from said third means, to be longer than the 

30 turn-on time Of the transistor which does respond. 

5. A semiconductor integrated circuit according to claim 2. wherein the ON resistance of the transistor among said 
first and second PMOS transistors which does not respond to the determination signal of the output logic from san 
tWrd means, is higher than the ON resistance of said transistor which responds to the detemiination signal. 
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V-TT (= Vc(/2) is detected by the differential amplifier DA on the reception side. 

In the circuit construction described above, when the signal (the signal at a node N1) inputted to the output circuit 
(Qi . Q2) has the L level, the P channel transistor is turned ON. and a cun-ent flows through the route of V^c RT 
-> V-rr The level of the input signal V,n in this case is higher than the terminal voltage V-rr. When the input signal of the 
output circuit has the H level, on the other hand, the N channel transistor Q2 is turned ON and the current flows through 
the route of Vjt ^ RT ^ Vss. on the contrary, and the level of the input signal V,n becomes lower than the termi- 
nal voltage Vjj. 

To effect the high speed operation in the circuit construction of the prior art described above, the voltages of the 
input and output signals Vj^, Vqut (the same polential under the steady state) must be limited to approximately Vjt ± 
400 mV. Here, the terminal resistor RT is determined by the impedance of the transmission line TML (generally 50n) 
Accordingly, the ON resistance of each transistor Qi. Qg of the output circuit is naturally determined. In other words 
since the size of each transistor d , is primarily determined, each transistor has a driving capacity corresponding to 
its size. 

Accordingly, the driving capacity is limited even when a plurality of other chips are desired to be driven by one chip 
(output circuit), and in consequence, there occurs the problem that it becomes extremely difficult to drive at a high 
speed ail the object chips as the driving object. 

As described above, the output circuit according to the prior art is not free from the problem in that when one 
attempts to accomplish a small amplitude operation to attain a high speed operation, the output transistors cannot b 
made large as required, and the driving capacity of each transistor drops relatively 
20 Figure 63 shows the principal portions of the semiconductor integrated circuit according to the first embodiment of 
the present invention, that is. the structure of the output circuit 

The circuit shown in the drawing includes a powver source circuit PI for receiving a high potential power source volt- 
age V^c (5V) and a predetermined reference voltage V-n- and generating a high potential internal power source voltage 
Vcci (< Vcc). a power source circuit P2 for receiving a low potential power source voltage Vgs (OV) and the reference 
25 voltage Vrr and generating a low potential internal power source voltage V331 (> V33). CMOS transistors (P channel 
transistor and N channel transistor Q2) connected between the output lines of the power source circuits PI. P2 (the 
internal power source voltage V<.ci. Vgei). and a capacitor C connected similariy between the power source liries V^d . 
Vssi and stabilizing these power source voltages Vcd . V^^i . The output transistors and Qg function as a driving cir- 
cuit and produce the output voltage Vqut By the way. the reference voltage V-rr is generated inside the circuit and is 
30 set to Vcc/2. 

When the circuit construction of this embodiment is applied to the structure shown in Fig. 62, the internal power 
source voltages V^d. V^si that are to be supplied from the power source circuits PI. P2 are determined by the resist- 
ance value of a terminal resistor RT. the voltages of the input/output signals Vqut V,n and the driving capacity (ON 
resistance) of the output transistors Qi . Q2. 
35 For example, when the internal power source voltage V^s^ on the low potential side is set to the condition where 
the resistance value of the terminal resistor RT is 50a the voltages of the input/output signals Vqut. V|n are V-rr • 400 
mV and the ON resistance of the output transistors Qi, Q2 are 25a then, Vssi is set to (V-rr -600 mV). 

Figure 64 shows a structural example of the power source circuit. 

The power source circuit shown in this circuit diagram includes resistors R1 , RV as well as an N channel transistor 
40 Q3 (the gate of which is connected to the drain) that are interposed in series between the power source line V^c and the 
reference voltage line Vyr. and an N channel transistor Q4 the gate of which Is connected to the junction (node N2) 
between these resistors R1 and R1 ' and the drain of which is connected to the power source line Vcc. The high potential 
internal voltage Vc^i is taken out from the source of this transistor Q4. 

Although the example shown in Fig. 64 represents the structure of the power source circuit P1 on the high potential 
side, it will be obvious to those skilled in the art that the same circuit construction can also be employed for the power 
source circuit P2 on the low potential side by replacing the power source lines Vcc. Vcd by the con-esponding power 
source lines Vgs. V^si, respectively. 

For reference, Fig. 65 shows the operation waveform of the circuit shown in Rg. 63. 

According to the circuit construction of the first embodiment (Fig. 63). the control is carried out in such a manner 
so that the H level output voltage Vqh becomes the voltage level Vcd lower than the power source voltage Vcc and the L 
level output voltage Vqi becomes higher than the power source voltage V^. Accordingly the ON resistance of each out- 
put transistor, that is. the driving capacity off each output transistor, can be freely selected by suitably selecting the 
source potential of each output transistor . Q2. that is. the internal power source voltage Vgci . V331 . 

In this way the driving capacity of the output transistors Qi . Q2 can be improved without deteriorating the low ampli- 
55 tude operation for the high speed operation. 

Figure 66 shows the principal portions of the semiconductor integrated circuit according to the second embodiment 
of the present invention, that is. the structure of the output circuit. 

In the first embodiment described above (Fig. 63). a relatively large cunrent flows through the output transistors Qi . 
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Q, during the operation. To suppress the level fluctuation of the internal power source voltages V^ci. V^^,. therefore, 
the capacity of the power source circuits PI. P2 must be made great. This second embodiment provides an improve- 
ment for reducing the capacity of the power source circuits used. 

In other words, the output circuit according to this embodiment includes, as shown in Rg. 66. a power source circurt 
P3 for receiving the supply of the power source voltage V^c and the reference voltage Vtt and generating the high 
potential internal power source voltage (< VeJ. a power source circuit P4 for receiving the supply oHhe power 
source voltage and the reference voltage Vrr and generating the low potential internal power source voltage V332 
(> v«) CMOS f^sistors (P channel transistor Q5 and N channel transistor Qg) interposed between the o"tP"t l-nes of 
iie Siver source circuits P3. P4 (between the internal power source voltages M^. V^). and CMOS transistors (N 
channel transistor Q7 and P channel transistor Qg) responsive to the output of the trareistors (the s^nal at^a n^e N3) 
and connected between the power source lines V^c. V^s- The output voltage Vqut istaKen outfrom the CMOS gate (Q7. 

TTie ^'iaSng feature of this embodiment resides in the opposite connection state of the CMOS gate oTfte 
final stage, which is opposite to the normal connection state. In other words, the N channel trans stor Qj is connected 
to the high potential (VeJ side and the P channel transistor Qs is connected to the low potential (V^ si^a 

According to this circuH construction, the source potential of the transistor Q7. that is. the ^"^P"* S^/o^t- ^ 
determined by a voltage value which is lower by the threshold voltage of the transistor Q7 than the ou^ "^1^^^ 
signal of the node N3) of the pre-stage CMOS gate (Q5. Qe) Accordingly, since the current tor driving the output flows 
ttJough the route of Vcc Q7 OUT. the problem with the first embodiment (Rg. 63) described above can be avoided. 

Rgure 67 shows a structural example of the power source circuit. ' 

The power source circuit shown in this circuit diagram includes resistors R2. R2' as well as N channel transistors 
Qc Q10 (the gates of which are connected to the corresponding drains, respectively) that are interposed seri^ 
b^een he j^b. source line and the reference voltage line V^r. and an N channel trar^^r Q, , the 9^e ofwhj 
Ts^nnected to the junction (node N2 ) between the resistors R2 and R2-. The high potential orternal power source volt- 
ano M « is taken out from the source of this transistor ^ . , . 

^ ^feSaCle shoI^Tn Rg. 67 represents the structure of the power source circuit P3 on the high potential side «i 
the s^memT^s irrcase o%ig. 5. but it will be obvious to those sWI^ 

to the power source circuit P4 on the low potential side by replacing the corresponding power source Imes Vcc. Vcc2 by 
Vss and V882. respectively. . ... c 

For reference. Rg. 68 shows the operation waveform of the circuit shown in Fig. 66^ „^„Him««t of 

Rgure 69 shows the principal portions of the semiconductor integrated arcuit according to the third embodiment of 
the present invention, that is. the structure of the output circuit. , <-»/ir»e rn 

In the second embodiment described above (Rg. 66). the output (the signal at the node N3) of the CMOS gate (Q5. 
Qe) has its amplitude between the vottage levels V^cz and V.., (refer to Fig. 68). However when the operaton c^tt^e 
CMOS gate (transistors Q7. Qs) of the final stage is taken into consideration, the N channel transistor Q7 can be suffi- 
cierSy cToi^en when ttie ^tential at the node N3 is not lowered to the level of V»2. and the P ^hanneUra^j^or 
Qa Jn be sufficiently cut o« even when the potential at the node N3 is not increased to the level 0* Vcc2^^'"9'j- 
in order to obtain a higher operation speed, the amplitude of the gate potentials of the output transistors Q7. Qs « pref- 
erably as small as possible. Therefore, this third embodiment solves this problem. 

in S.nS.'^charaCerizing feature of this embodiment res«es in that the gate 
tors Q7 Qs are separately supplied. As to the CMOS circuit portion of the pre-stage. therefore two sets of CMOS gat^ 
P thine? transi^Vr Q^a an?N channel transistor 0,3. and P channel transistor 0,4 and N channe^ ^^^°[?^^^'^ 
disced, and further, a reference voltage power source Circuit P5 is disposed so asto supply 

to the sources of the transistors Q13 and Q14. 

Rgure 70 shows a structural example of the reference voltage power source arcuit P5 

The reference voltage power source circurt shown in this circuit diagram includes a resistor R3. a P <?^^annel tran- 
sistor Q,6 (the gate of which is connected to the source), an N channel transistor Qn (the gate of which is conn^ 
to the s^rce) ^ a resistor R4. which are connected in series between the power source lines Vcc and Vs^. a P 
n J traSstor Q,8 the gate of which is connected to the source of the transistor Q,e (to the node N6) and the sou^e d 
which is conne<ied to ttie power source line V^. and an N channel transistor Q« the gate of which is connected to ti^e 
^i^ce o??he transistor Q^o the node N7) and the source of which is connected to the power source line V The 
Ser^ce voHage V^r is applied to the drain of each of the transistors Q,6 and Q.^. and the reference voltage V^x « 
takenoutfromthedrainof each of the transistors Q18 and Q19. 

For reference. Rg. 71 shows the operation waveform of the circuit shown in Rg. 69 _ ^mhodiment 
Rgure 72 shows the prindpal portions of the semiconductor integrated circuit according to the fourth embodiment 
of the present invention, that is. the structure of the power source circuit. te,„i„ai resist- 

In each of the foregoing embodiments, the explanation has been made on the assumpbon that the terminal resist- 
ance is always constant (for example. 50n). hut the terminal vottage is not always constant. When it is desired to elim- 
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CTT interface can be accomplished by the former comparison operation and the CMOS interface, by the latter compar- 
ison operation. In other words, the present invention can provide a semiconductor integrated circuit having excellent 
compatibility which can be used In common for both of the signal interface having a large logical amplitude (CMOS in 
this case) and the signal interface having a small logical amplitude (CTT. in this case). 
5 Hereinafter, an embocfiment of the present invention will be explained with reference to the drawings. 

Figures 57 to 60 show the semiconductor integrated circuit according to an embodiment of the present invention, 
and represent the example which can be applied to both of the CMOS interface and the CTT interface. 

First of all, the structure will be explained. In Fig. 57. reference numeral 20 denotes a chip on the Input side: 21 Is 
an input terminal connected to a chip on the output side, shown outside, through a signal line 22; and 23 is a reference 
10 terminal connected to the signal line 22 through a resistor 24 and to a first reference potential Vrpfi having a potential 
corresponding to Vcc/2 (for example. +1 -65V). 

A differential gate 30. selection means 40. reference potential generation means 50 and instruction means 60 are 
disposed inside the chip 20, and they have the following structures. 

In the differential gate 30. the sources of a pair of N channel MOS transistors 31 . 32 are connected in common to 
IS the ground through a constant current transistor 33. and the drains of these N channel MOS transistors 31 . 32 are con- 
nected to the power source Vcc through P channel MOS transistors 34. 35 having a current min-or structure, respec- 
tively. The output signal appearing at the drain of one of the N channel MOS transistors 32 is taken out in the same 
phase through inverter gates 36. 37 of two stages, and is applied into an Internal circuit of the chip 20. Here, symbol 
V,N represents the input signal applied to the gate of the N channel MOS transistor 31 . Vref «s the reference potential 
20 applied to the gate of the N channel MOS transistor 32. and Vcnt is a constant voltage. 

The selection means 40 includes a P channel MOS transistor 41 and an N channel MOS transistor 42, outputs 
Vrefi as Vrep when a predetermined instruction signal Srld has the L level and outputs the second reference poten- 
tial Vrep2 as Vref generated by the reference potential generation means 50 when the Instruction signal Sri_d Is at the 
high level. By the way. the reference potential generation means 50 consists of a resistance type potential division cir- 
2S cult formed by connecting In series at least two resistors 51 , 52 between the power source Vcc the ground, and gen- 
erates the second reference potential Vref2 having a potential (« 2.5V) corresponding to the threshold value V,mw of 
the CMOS level. - 

The instruction means 60 has the structure wherein a resistor 61 Is interposed between a reference terminal 23 and 
the ground, the drain of an N channel MOS transistor 62, which uses the potential across both ends of this resistor 61 
30 as the gate-source potential thereof. Is connected to the power source Vcc through a resistor 63, and the source of this 
transistor 62 is connected to the ground. When the potential across both ends of the resistor 62 (which potential is also 
the potential at the reference terminal 23) is higher than the threshold voltage Vj^^ of the transistor 62. the transistor 62 
is turned ON. and an L level Instruction signal Srld »s outputted through two-stage inverter gates 64. 65. \Nhen the 
potential across both ends of the resistor 61 is not higher than the threshold voltage of the transistor 62. on the other 
3S hand, the transistor 62 is turned OFF. and an H level instruction signal Srld is outputted through the two-stage inverter 
gates 64, 65. In other worcte. the Instruction signal Srld "S a signal which has the L logic level when Vrefi <s applied to 
the input terminal 23. and the H logic level when Vre^i is not applied. 
Next, the operation will be explained. 

When the chip 20 is used with the CTT interface standard, Vrep^ is applied to the reference terminal 23. Then, the 
40 potential across both ends of the resistor 61 of the instruction means 60 becomes Vrefi . the transistor 62 is turned ON 
and the instruction signal Srld is outputted at the L level. 

In this case, therefore, the P channel MOS transistor 41 of the selection means 40 is turned ON and Vrefi 
becomes equal to Vrep so that the differential gate 30 judges the binary level of the input signal V|n with this Vrefi (= 
+1.65V) being the reference. (This Is the judgement operation of the CTT Interface.) When V|n > Vrefi. for example. 
45 the drain cun-ent of the N channel MOS transistors 31 becomes greater by the difference between V|n and Vr^fi and 
flows, and the drain current of the other N channel MOS transistor 32 attempts to increase by the min*or ratio of the load 
transistors 34, 35. However, since the sum of both drain currents is made constant by the constant current transistor 33. 
the drain voltage of the other N channel MOS transistor 32 is pulled up in the V^c direction In such a manner as to sup^ 
plement this insufficiency. After all, the differential gate 30 outputs the H level signal as the judgement result of V|n > 
Vrefi- 

When the chip 20 is used with the CMOS interface standard, on the other hand, no voltage is applied to the refer- 
ence terminal 23. Then, the potential across both ends of the resistor 61 of the instrucfion means 60 becomes zero, so 
that the transistor 62 Is turned OFF and the instruction signal Srld is outputted at the H logic level. 

In this case, since the N channel MOS transistor 42 of the selection means 40 is turned ON. V = V ref and 
55 the differential gate 30 judges the level of the input signal V|n using this Vref2 +2.5V) as the reference. (This is the 
judgement operation of the CMOS interface standard.) 

According to the embodiment described above, the chip can be switched and used for the CTT interface and the 
CMOS interface depending on the existence of the voltage applied to the reference terminal 23. Therefore, one chip can 
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be used for two interfaces and the semiconductor integrated circuit need not be »abn«^ to^ S'lru^S dui tTSS 
words, the cost of the semiconductor chip can be restricted and the managemert .^^Jb^m^ 
decrise oi the mjntoer of the total stock Further, from the aspect of the users, the system design becomes easier 
hor^i icp ihp same chiD can be used for different interfaces. 

iSu e 58 sh<^ a pf^^^^^ modfied example of the embodiment described above. In this ««mple. v^en the chip 
•c JIS^!^ tt^CT? SSe standard, a switch element (a P channel MOS transistor 70b and an N channel MOS 
is operated with \he CTT ^ resistance circuit 70c of the reference potential generation means 

70 's<"^"ed OFF.^d unn^^ ^Tbv the ww .an opposite phase instruction signal Srld subjected to logic inver- 
:S:^^e rii\r ga? 77a^^^^^^^^ S„a> subjected to further logic -e,«on by the 

frS^rter ^i^^^e to Sfeltch element. Further, the switch element may comprise only either of the P chan- 

noi MOS transistor 70b and the N Channel MOS transistor 70c. 

^e ilSSn mear4 40 is preferably disposed most dosely to the differential gate 30 as shown^ ^l^f 

«s dLt Cai^.. ,e(e,enoe numeral 80 «no«s an inPU .enninal ^ ,ec»»ag ^^^^^^"S^ Tc^ 
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According to the embodiment described above, the same transceiver circuit can be used for both of the CTT level 
and the GTL level by merely changing over the levels of the signal GTL. or if the terminal resistor is removed while keep- 
ing the CTT operation, the receiver circuit can also be used for the TTL level. Accordingly, this embodiment can provide 
a transceiver circuit having compatibility to the three systems, and can reduce the price of the semiconductor chips and 

5 the management cost resulting from the reduction of the number of the total stock. Since the same chip can be used 
even when the standards of the transmission lines are different, the interface design can be carried out more easily. 

For example, the application to a testing apparatus (a memory tester or an LSI tester) shown in Fig. 50 is preferred. 
In such a testing apparatus, an input/output driver (the transceiver circuit) must be replaced in accordance with the 
interface system of a DUT (Device Under lest). Therefore. If this embodiment is applied, one input/output driver can be 

10 used in common for at least three systems of TTL. CTT and GTL 

Here, the output low level of GTL is +0.4V and the output low iey^el of CTT is +1 .25V. This difference means that the 
dnving capacity of the transistors for low level driving (the NMOS transistors 56 and 58) is not equal between CTT and 
GTL. In other words, the optimum driving capacity for GTL Is excessively greater for CTT. If the internal resistance of 
the transistor when the low level of the GTL system is outputted is X, for example, the value X necessary for generating 

15 +0.4V from the terminal voltage (+1 .2V) is X = 12.5n from the following equation ® : 

0.4V/1.2V = X/{X + 25C) ... Q 

20 where the resistance value 250 is a parallel combined resistance value of the terminal resistor 63 (500) across both 
ends of the wiring 62. Since the terminal voltage is +1 .65V in the CTT system, the Internal resistance Y of the transistor 
necessary for generating +1 .25V at this terminal resistance 250 Is Y « 78.1250 from the following equation ® : 

25 1.25V/1.65V = Y/(y + 25Q) ... (5) 

Accordingly, If the internal resistance of the driving transistor is 12.50 for ©(ample, the logical amplitude becomes too 
great in the CTT system, and the operation speed is lowered, on the contrary. 

This problem can be avoided by using two driving transistors (NMOS transistors 56 and 58 in this embodiment) for 

30 low level driving, regulating the combined internal resistance of these two transistors to 12.5Q and setting the internal 
resistance of one of the transistors (the NMOS transistor 58 in the embodiment) to 78.1240 The internal resistance of 
the other transistor (the NMOS transistor 56 In this embodiment) proves to be 14.880 by simple calculation. Driving Is 
effected by these two transistors in the case of the GTL system, but in the case of the CTT system, driving is made only 
for a short time by these two transistors and is then made by the transistor having the internal resistance of 78.120 

35 alone. 

Figure 51 shows a preferred definite example of Fig. 48. and represents an example in which the NAND gate 47 
and the NOR gate 53 shown in Fig. 48 comprises deglitcher circuits. Each of the deglitcher circuits 70. 80 includes a 
delay unit 71 . 81 for determining an input allowance time for the PMOS transistor 55 and the NMOS transistor 56 and 
a flip-flop 72. 82. When the input to the PMOS transistor 55 and the NMOS transistor 56 is allowed, next input is not 

40 accepted until the time set by the delay unit 71 . 81 lapses. In this way. the undesirable inversion of the PMOS transistor 
55 and the NMOS transistor 56 due to the noise, etc. can be reliably prevented, and the circuit operatlon.can be stabi- 
lized. By the way, a differential amplifier 90 In this example conprlses a differential pair Consisting of two NMOS tran- 
sistors 91 . 92, a constant current transistor consisting of an NMOS transistor 93 and load transistors consisting of four 
PMOS transistors 94 to 97. and two of the load transistors have a cun-ent mirror structure. However, a differential ampli- 

45 Her 1 00 may comprise a differential pair consisting of two PMOS transistors 1 01 . 1 02. a constant cun-ent transistor con- 
sisting of a PMOS transistor 103 and load ti-anslstors consisting of four NMOS transistors 104 to 107. whereby two of 
the toad transistors have a cunrent mirror structure, as shown In Fig. 52. When the structure shown in Fig. 52 is used, 
a sufficient voltage is applied between the gate and source of the differential pair even when the level of the reference 
voltage Vref "s low, and a large gain can be obtained. Therefore, this sti-ucture is particularly advantageous for the GTL 

so system. 

By tiie way. the NAND gate 110 and the signal ENB in Figs. 51 and 52 are used in order to cut off the signal B In 
the stand-by state or the sleep state and to prevent unnecessary power consumption inside the chip. In other words, 
the signal ENB is ordinary the high level but when this signal is lowered to the low level, the output of the NAND gate 
110 becomes the high level and the output of the inverter gate 1 1 1 (which becomes the signal B into the chip) can be 
55 fixed at the low level. 

Further, the signal GTL can be automatically generated by comparing tiie referenc potential Vrep with a potential 
corresponding to V-pt (+1 .2V) by an operational amplifier OR In other words, the reference potential Vrep is applied to 
the non-inversion Input (+) of the operational amplifier OP while +1.2V Is applied to the inversion input (-). Then, the 
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ooerational arolifier OP outputs the high level when Vref > +1.2V or in other words, when Vrep .S+1.65V On the CTT 
^S^^rf oStoL me low level when Vrpf ^ +l -SV (in the GTL system). Therefore, this output may as such be used 
«^.lrin^ Sr^?.rdS^ automatically changed over in accordance with the interface system and 

ease oTSg Ji c^c^r^ ^^^^ Though the operational amplifier OP and accessorial drcuite are shown 
dfio^L o^^We t^e transceiver circuit in the drawing, they may of course be Included .n the transce^er arcurt. 

S^aes the loaic control of the signal GTL other than the automatic generation system described above rt .s also 
K^^fpJ^il^a s«S. Siteh Ltes out the control terminal 48 outside the chip and applies either the high level 
S^e 1^ tev^to m^^^^^^ ^to employ a bonding option system. Further programming "^V be "jde 

SiraSX tfSoIng a fuse and a PROM (Programmable RQM device) inside the ch.^ or a system 
^«ie2^uem?of making of the power sourcesindusi^^ 

^^n arTdetS mTpS^al sequence of making inside the d^ and stores it in a register, etc. may also be 
employed. 

ff'rfl ftTrPffft Invention 

For a better understanding of the preferred embodiments, the related prfor art will be explained with reference to 

'''"FS'ur54'!s a conceptual view of the CTT. In the CTT. a signal line 3 which f e'-'^'^^^-f ^^^^^^^^ 
unit 1 and a signal input unit 2 is connected to an intermediate power source Vrr (Vrr '^^7 " h1^»^ 

«, V laavi throuoh a resistor 4 The output unit 1 generally comprises a constant current element la on the H eve^ 
2" t? K m« S line 3 to thTpoww source V^c when the logic of the signal to be oulputted is the H le/el 

side which coryieds me »gnal hne ^^^^^^^.^^^ the signal line 3 to the ground when the logic of 

agnal V,N (5«n thrnush ihe signal ii» 6 15 hWw «»'*°^ 

"^^Tc^rabom int«tecMOl CMOS ana CTT. WMraastBe logical ampMudeol CMOS la ««lanlB», a full oir- 

re™3:^"hS*^rci;~ed«^^^^ 
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grated circuit equipped with two kinds of output circuits for the CTT and for the GTL Accordingly, the price of the sem- 
iconductor chip becomes high, and the cost of management becomes high. too. due to the increase of the number of 
the total stock. From the aspect of users' side, different chips must be used for different standards of transmission lines- 
hence, the interface design becomes troublesome. 
5 By the way, in the output circuit of the CTT (see Rg. 43). the output circuit can be used for the TTL level, too. by 

removing the terminal resistor 13, but it does not have compatibility with the GTL. This is because the GTL essentially 
requires the open drain structure, and even in the case of an expansion type CTT it is of the three-state type and does 
not have the structure that satisfy this condition. 

To eliminate such problems with the prior grt. the structrure of the present invention characterizingly includes a 
10 PMOS transistor and an NMOS transistor that are interposed in series between a power source on the high potential 
side and power source on the low potential side, an output terminal extended from the junction of both of these transis- 
tors, first means for allowing the PMOS transistor and the NMOS transistor to effect the push-pull operation in accord- 
ance with the logic of the signal to be outputted. and second means fbr cutting off the PMOS transistor in response to 
a predetermined level designation signal. 
75 According to the present invention, when the output terminal is pulled up to the intermediate potential (V-rr) 
between the high potential side power source and the low potential side power source while the control signal is kept 
non-active, a cun-ent f tows through the pull-up resistor through either the PMOS transistor or the NMOS transistor, and 
a potential of the CTT level appears at the output terminal. 

When the control signal is rendered active, the PMOS transistor is cut off and the open-drain structure can be 
20 accomplished. When the output terminal is pulled up to the predetermined potential (+1 .2V). a potential of the GTL level 
appears at the output terminal. 

Furthermore, when the pull-up resistor is removed while the control signal is kept non-active, a potential of the TTL 
level appears at the output terminal. 

Next, an embodiment of the present invention will be explained with reference to the drawings. 
25 Figures 48 to 53 show the semiconductor Integrated circuit according to an embodiment of the present invention. 

First of all. the structure wilt be explained. In Fig. 48. a signal (represented by symbol "A" fbr convenience* sake) 
from an internal circuit applied to the input temiinal 40 is first inverted by an inverter gate 41 and is then applied to one 
of the input each of the NOR gate 42 and the NAND gate 43. A tristate control signal TSG (which designates an output 
high impedance at the time of the low level) is applied to the other input terminal of the NOR gate 42 through a control 
30 terminal 44. and the same signal TSC inverted by the inverter gate 45 is applied to the other input terminal of the NAND 
gate 43. Accordingly, a signal S42 which becomes the low level when the signal A is the low level or the signal TSC is 
the high level is outputted from the NOR gate 42. and a signal S43 which becomes the low level when both of the signal 
A and the signal TSC are the low level is outputted from the NAND gate 43. 

The signal S42 is applied to one of the input terminals of the AND gate 46 and to one of the input terminals of a 
35 three-input AND gate 47. A predetermined level designation signal GTL (GTL designation at the low level/CTT desig- 
nation at the high level) is further applied to these AND gates 46, 47 through a control terminal 48. A signal from an 
input circuit (signal B to an internal circuit) including a differential amplifier 49. an inverter gate 50 and a NOR gate 51 
is applied to the remaining one input terminal of the three-input NAND gate 47. The signal S43 is applied not only to one 
of the input terminals of the NOR gate 53 but also to the inverter gate 54. and the signal B from the input circuit 52 is 
40 applied to the other input terminal of the NOR gate 53. Accordingly, these AND gates 46, 47, NOR gate 53 and inverter 
gate 54 output the signals S42, S43 (which are determined by the state of the signal A and the signal TSC) and the sig- 
nals S46. S47, S53. S54 in accordance with the state of the signal GTL and the signal B. and these signals S46. S47. S53. 
S54 are applied to the gates of a PMOS transistor 55 and an NMOS transistor 56, and a PMOS transistor 57 and an 
NMOS transistor 58. that are interposed in the bush-pull connection between the high potential side power source 
45 (+3.3V) and the low potential side power source (OV). 

The PMOS transistor 57 and the NMOS transistor 58 conduct the push-pull operation (they are turned ON and OFF 
complementarily) in accordance with the logic of the signal A when the signal gtl is the high level (CTT designation) and 
the signal TSC is the low level. However, when the signal TSC is the high level (output high impedance designation), 
both of them are fixed at OFF or when the signal GTL is the low level (GTL designation), only the PMOS transistor 57 
so is fixed at OFF 

Similarly, the PMOS transistor 55 and the NMOS transistor 56 conduct the push-pull operation in accordance with 
the logic of the signal A when the signal GTL is the high level (CTT designation), the signal TSC is the low level and 
moreover, the signal B is the high level. When the signal TSC is the high level (output high impedance designation), 
both of them are fixed at OFF or when the signal GTL is the low level (GTL designation), only the MPOS transistor 55 
ss is kept at OFF 

Accordingly, the inverter gates 41 . 45. 54, the NOR gates 42. 53 and the NAND gates 43. 46. 47 are integral means 
for causing the push-pull operation of the PMOS transistor 55 and the NMOS transistor 56 or the PMOS transistor 57 
and the NMOS transistor 58, and the NAND gates 46, 47 are mear^ for cutting off the PMOS transistor 55 or the PMOS 
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transistor 57 in response to a predetermined control signal (signal GTL). 

Here a current limHing resistor 59 is inserted in the line of the low potential side power source V^^ of the Invertor 
gate 54 which outputs the signal S54. and an NMOS transistor 60 which is turned ON when the signal GTL is the high 
ley/el (CTT designation) is connected across both ends of this resistor 59. The potential V^^ is supplied through the ON 
resistance of the NMOS transistor 60 when CTT is designated. However, since V^s is supplied through the resistor 59 
at the time of the GTL designation, the fall of the signal S54 at the time of the GTL designation, that is. the fall of the gate 
potential of the NMOS transistor 58. is retarded. _ ^ ^ 

The drain of each of the MPOS transistor 56, the PMOS transistor 57 and ttie NMOS transistor 58 is connected to 
the non-inversion input (+) and output temninal 61 oithe differential amplifier 49. One of the ends of each of a winng 62 
and a terminal resistor 63 is connected to the output terminal 61 . and a power source (V-n = +1 65V or Vtl = 1 -SV) 
which Is connected to the other end of this terminal resistor 63 and has a predetermined potential is applied to the non- 
inversion input (-) of the differential amplifier 46 through the reference terminal 64. 

The differential amplifier 49 compares the drain potentials of the PMOS transistor 55. ttie NMOS transistor 56. the 
PMOS transistor 57 and the NMOS transistor 58. that is. the potential at ttie input/output terminal 61 (hereinafter 
referred to as "Vyo") with the potential at the reference terminal 64 (hereinafter referred to as "Vref"). and outputs a 
high level signal when V^o > Vref « is means for detecting determination of the logical state of the input/output terminal 
61 The output of the differential amplifier 49 is inverted by the NOR gate 50 and is converted to the signal B as the logic 
detection signal. This signal B is fixed at the low level in-espective of the logic of the inpuVoutput terminal 61 when the 
output of the inverter gate 51 is the high l©/el or in other words, when the signal GTL is the low level (QTLdesignaton). 

Next the operation will be explained. Fig. 49(a) is a time chart when the signal GTL is the high level, that is. in the 
case of the CTT designation, and Fig. 49(b) is a time chart when the signal GTL is the low level, that is. in the case of 
the GTL designation. 

[CTT Operation] 

In Fig 49(a) when the signal A shifts from the high level to the low level, the signal S46. the signal S54 and the sig- 
nal Ss3 change to the high level and the NMOS transistor 58 as well as the NMOS transistor 56 are turned ON. Accord- 
ingly the output terminal 61 and V^^ are connected with each other at a low resistance through the NMOS transistors 
58 and 56 and the potential of the output terminal 61 starts lowering toward V^s- This fall proceeds in match with the 
discharge rate of a large capacitance of the wiring 62. As the time passes away and the potential of the output terming 
61 becomes lower than the reference potential Vref (Vref = V-tt in the time of the CTT operation), the signal B 
changes to the high level and the signal S53 changes to the low level in response to this change, so that the NMOS tran- 
sistor 56 is turned OFF Accorelingly. in the range where the potential of the output terminal 61 is lower than Vtt. only 
the NMOS transistor 58 drives the output terminal 61. In other viords. the driving capacity is limited and over-shoot of 
the vraveform can be avoided. , _ 

On the other hand, when the signal A changes from the low level to the high level, the signal S46. the signal bge 
and the signal S53 change to the low level, and the PMOS transistor 55 as well as the PMOS transistor 57 are turned 
ON In consequence, the output terminal 61 and V^c are connected with each other at a low resistance through ttie 
PMOS transistor 55 and the PMOS transistor 57. and the potential of the output terminal 61 starts rising toward W^. 
When the potential of the output terminal 61 becomes higher than the reference potential Vrr. the signal B changes to 
the low level and the signal S47 changes to the high level in response to the former, so that the PMOS transistor 55 is 
turned OFF Accordingly, only the PMOS transistor 57 drives the output terminal 61 in the range where the potential of 
the output terminal 61 is higher than Vrr. and over-shoot of the rise waveform can be avoided by limiting the driving 
capacity. 

[GTL Operation] 

Referring to Fig. 49(b). when the signal A shifts from the high level to the low level, the signal S54 and the signal 
S53 change to the high level, and the NMOS transistor 58 and the NMOS transistor 56 are turned ON. For this reason 
the output terminal 61 and Vgs are connected with each other at a low resistance through the NMOS transistor 58 and 
the NMOS transistor 56. and the potential of the output terminal 61 falls toward Vss and gets stabilized at the low level 
after the passage of a predetermined time. By the way. the signal B is kept fixed at the low level in this GTL operation. 

On the other hand when the signal A shifts from the low level to the high level, the signal 853 immediately changes 
to the low level, whereas the signal S54 slowly changes and decreases due to the operation of the current ''"Tl^najesf- 
tor 59 For this reason, a difference can be secured in the OFF timing between the PMOS transistor 55 and the PMOS 
transistor 57. and instantaneous current cut-off can be prevented by avoiding drastic snapK>fl. As a result, reverse elec- 
tromotive force induced in the parasitic inductance components of the wiring 62 and the power source system can be 
suppressed and the occurrence of detrimental noises can be prevented. 
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a constant current transistor Qq^. It also includes resistors Rgi and Rq2 as potential generation means for generating a 
reference potential Si-tow (t^ie second potential) by effecting resistance potential division of the potential difference 
(1 .65V) between the power source on the low potential side and the reference potential Vrep 

The selection unit 70 includes an AND gate 71 for outputting a signal which becomes the logic H when both of the 

5 output VouTi o1 the first differential amplification unit 50 and the output Vout2 the second differential amplification 
unit 60 are the logic H (in other words, it produces the same signal as Vquti). an OR gate 72 for outputting a signal 
which becomes the logic H when one of the outputs Vquti and Vout2 'S the logic H (in other words, it produces the 
same signal as Vouia). a rise detection unit 73 for generating a signal Syp in synchronism with the rise of Vquti . a fall 
detection unit 74 for generating a signal SoowN-'n synchronfem with the fall of Vout2. and a switch 75 for switching a 

10 contact C to the position of a dash line in response to the signal Syp or to the position of a solid line in response to the 
signal Sdown- 

According to the circuit construction described above, the first differential amplification unit 50 outputs the signal 
Vquti which becomes the logic L when V|n < SLhi. that is. when Vug is within the range of not lower than +1.65 + X, 
and becomes the logic H when Vj^ < SI-h^, that is. when V|n is within the region exceeding +1 .65V + X. The second 

15 differential ampllf ication unit 60 outputs the signal ^out2 which becomes the logic L when V,n < SLt_ow^ that is. when 
V,|sj is within the range not higher than +1 .65 - Y (Y may be equal to X) and becomes the logic H when V|n > SLlqw. 
that is. when V|n is within the range higher than +1 .65V - Y. When the rise and fall timings of these two output signals 
Vquti and Vout2 are compared, the rise timing is slower for Vquti and the fall timing is slower for Vout2' Such rise/fall 
timing differences are determined by the difference between SL^i and SLlqw. that is. by X + Y. 

20 These two output signals Vqutt and ^00x2 are combined in the selection unit 70 as shown in Fig. 42. First of all. 
when V,N exceeds SLh,. Vquti "ses and Syp occurs in response to tiiis rise. Accordingly, the contact C of the switch 
75 is switched to the position indicated by the solid line and the output of the OR gate 72 (or in other words. Vqutz) 's 
selected. Next when V,m is lower than SL^qw, Vqut2 rises and Sqcwn occurs in response to this rise. Accordingly, the 
contact C of the switch 75 is switched to the position indicated by the solid line and output of the AND gate 71 (that is. 

25 Vquti) is selected. As a result, the signal Vqut which has the H logic period from the rise timing of Vquti (the occur- 
rence timing of Sup) to the fail timing of Vqut2 0*^® occurrence timing of Sdqwn) can be taken out from the selection 
unit 70, 

Accordingly, after Vin exceeds once SI-hi, the logic of tiie signal Vqut is not inverted unless it exceeds SI-hi. and 
the noise resistance can be increased by securing the input margin (tiie hatched region in Fig. 42) con-esponding to the 
30 difference between SL+hi and SLlqw 

For a better understanding of tiie preferred entxxjiments. tiie related prior art will be explained with reference to 
Figs. 43 to 46. 

Both of CTT and GTL terminate the wirings thereof to a voltage lower than the power source voltage and generate 
a signal amplitude of not greater tiian 1 V across botii ends of a resistor by a driving current of an output circuit flowing 
35 through this terminal resistor. Reflection of the signal is prevented by bringing the value of the terminal resistor into con- 
formity with the characteristic impedance of the wirings, and high speed data transfer is made possible. Hereinafter, a 
prior art example of a semiconductor integrated circuit equipped with an output circuit to be adapted to the CTT level 
and the GTL level will be explained. 

40 [CTT] 

Figure 43 is a structural circuit diagram of a transceiver circuit of CTT Reference numeral 1 denotes an input circuit 
including a differential amplifier 2 and an inverter gate 3. and reference numeral 4 denotes an output circuit including 
inverter gates 5. 6, a NAND gate 7. a NOR gate 8 and two-stage CMOS output units 9. 10. In tiie pre-stage CMOS unit 

45 9. a P channel MOS transistor (hereinafter referred to as the "PMOS transistor") 9a and an N channel MOS transistor 
(hereinafter referred to as the "NMOS transistor") 9b are connected in tiie push-pull connection between a power 
source Vgc on the high potential side and a power source Vg^ on tiie low potential side. Similarly, in the post-stage 
CMOS unit 1 0, a PMOS transistor 1 0a and an NMOS tiBnsistor 1 0b are connected in tiie push-pull connection between 
Vcc and Vgg. Reference numeral 1 1 denotes an input/output terminal for connecting a wiring 12 to one of the ends of a 

so terminal resistor 13. reference numeral 14 denotes a reference power source terminal for connecting the other end of 
the terminal resistor 1 3 to a pull-up power source Vjt ( VTT = V ^^72 : +1 .65V when V^c = +3.3V), reference numeral 1 5 
denotes an input terminal of a signal (represented by symbol "A" for convenience' sake) from an internal circuit and ref- 
erence numeral 16 denotes an output terminal of a signal (represented by symbol **B'* for convenience' sake) to the 
internal circuit. 

55 In the circuit construction described above, tiie level of the terminal 16 (the level of the signal B) is determined by 
the potential relationship between the inversion input (-) and non-inversion input (+) of the differential amplifier 2. In 
other words, since the potential of tiie inversion input (-) is VTT = 1 .65V, the signal B is the L level when the potential of 
the non-inversion input (+) is greater ttian 1 .65V and is the H level when tiie non-inversion input is lower tiian +1 .65V. 
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NAftien the signal A is inputted at the H level while the signal B is at the H level, the o»i^uts of tine i^^^^er g^^^^^^ 
2 the NANro^^^ 3 and the NOR gate 4 become all the L level. For this reason, the PMOS transistors 9a. 10a o the 
L Lge^^^^^^^ are turned ON while the NMOS transistors 9b. are turned OFF. an^^^^^^^^^ 

v^KrH;rl^nn ^ PMOS transistor 9a (10a) -> terminal resistor 13 ^ Vyj. Accordingly, the signal B falls to the 

by II X Rl (vS.ere is the value of the terminal resistor 13) than the potentoal of the inversion input (-) (as will be 

*^'!l!II^n'!h'r^onal A chanaes from the H level to the L level, the outputs of the inverter gates 5. 6. the NAND gate 7 
and^ No'^gai s^ltSfmlJr^^^^ lOaof thetwo^geCMOSunte9. lO are 

^nldOFFwSe their NOMS transistor 9b. I0b are turned ON. «,ntrary to the case de^ribed above """^ 
tlowTSrough Vtt -> IMMOS transistor 9b (lOb) V^. Accordingly, the signal B inverses to the H leve at the 
DcTnt of Z^L Sitential of the non-inversion input (+) of the drfferential amplifier 2 becomes lower by 1^ x Rl 
&eRr^siSv^ueo?Seter^^^^^ 

^SoininFiq 44 the potential at the output terminal It changes relatively slowly m accordance wrth a time con^ 
startlu^eTe^^i^n^by ^^capacH^^ of Te wiring 12. etc. Therefore, the signal B changes after the passage 

d^te^nin^Tmel^JespoSng to the time constant from the shift of the le.el of the sig"a' A- Accordinghr. dur^9 
fh! sh?rf*ie^ anal A fromH to U the current \ flows through the two NMOS transistors 9b. 10b (or m other words, 
a' a 1^^^ rirsLncTu^rSTsigl B changesto me H level. When the signal B reaches «^ereafter the H^el. the cur^ 
rlrt T«^ through one NMOS transistor 10b (or in other words, at a high resistance). On the ojier hand <lunng the 
LtS i Zsian^ A from L to H the current +1. flows through the two PMOS transistors 9a. 10a (or m other words, a^ 
^e^^riS^erurthe 61^^^^^^ to the L level. When the signal B thereafter reaches the L level, the current 

*r S^ThfouTorPN^^^^^ 9b (or in other words, at the high resistance). This means that a large driving 

:un^SiriSi«l toff^STthe former L period of the output transition period and a small driving currem c^ be 
latter half, and the occurrence of ringing, over-shoot, etc. can be suppressed by providing the de- 
ference to the load currents flowing in and out through the output terminal 1 1 . c„ ThictrietatP 

SuVe 4^ Shows the structure wherein a tristate control circuit is added to the circu. shown .r^ Rg. *3^If 's^f 
r.«ntro?drcu?iSu^era control tenninal 20 for receiving a tristate control signal TSC of positve logic, a NOR gate 21 
S^vSgiSStoreLI^^^ 

S Sn^ertng anS Witting the signal TSC and a NAND gate 23 for converting the output to ^^f J-XtSoS^ 
«1 «.r.rt of tt^ie inverter aate 22 and the signal A are the H level. When the signal TSC is the L level, the PMOS tran- 

duct the push-pull operation in accortance wfth the level of the sigr«l A. and when ^^.^^ .^^^^ 

level is applied to the gates of the PMOS transistors 9a. 10a while the L level is applied to the gates of the J^^OStran 
L^oiJ S 10b so that the ON operation of these transistors is inhibrted and the output terminal 1 1 can be brought into 
tS d^n s^^e! ?n 11 wo«»s. a^ing to the circuit construction of Fig. 45. the output terminal 11 can assume the 

nrrw^;rs:24'.Ts^^^^^^^^ 

and fho NO?Lte8 in Fig 43 respectively, and they are so-called "deglitcher circuits" for improving the nose resist- 
:^ebyrnSL?iTthea^^^^^^^^ 

^iJte^s^ between the differential amplifier 26 (the detailed structure of which is the same as that of tt^e embody 
meS^n? b'eXSn^ Elsewhere) anS the Inverter gate 3 Is °« the irp^ of stand-by. which 

permits the output of the differential amplHier 26 only when an enable signal ENB is the H level. 

IGTLl 

Rcure 46 is a Structural circuit diagram of an output circuit of a GTL. This circuit connects a wiring 31 to an output 
termSso m^if pS^P a potential to a predetermined potential (where V.^ '^jf^^^T^lt^e oS^^to^^^^^ 
SZnal resistor 32 and connects the gate of an NMOS transistor 33. which is interposed between the output term.na 
3o3 C^o LfoXSetonsiSng of a PMOS transistor 34 and an NMOS t-r-'Stor 35)havmg a^^^^^ 
sSu^re TWO NM^S^ransistors' 36. 37 are resistance elements which are connected in P-;''-' -^^^^^^^^^^ 
sfetor 33 for a time (ta) determined by the number of stages (2. in the drawing) of an inverter gate 38 ««hen *e mpu^ 
sistor 33 tor a tirne V , y to flow at a low resistance through the parallel 

SS ^SSTsi^gThrNMStl^nT^^^ the two NMOS trans^tors 36. 37 «« the JXrSI^Stof3? 
TilT^oooana nf »hte tim^ t«x the load current is caused to flow at a high resistance through only the NMOS trans stor 33 
^>^KIolnlncTo! t^^^^^^ ringing resuUing from snap-off can be prevented while accompl^hing high 

Sle Semiconductor integrated circuit according to the prior art described above, however, the o^^^^^^,^ 
be tTe^for ol^i^ne of the CT^ and the GTL For this reason, rt has been necessary to producea semiconductor inte- 
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shown in Rg. 33, the output of the AND gate la becomes the logic L, the output of the inverter gate la becomes the 
logic L and the output of the inverter gate 1 e becomes the logic H. so that the output of the NOR gate 1c becomes the 
logic H. Accordingly, two output transistors Id and lb are turned OFF. the output chip 1 and the data bus 3 are cut off 
from each other and the high impedance state is reached. Accordingly, the voltage drop of the resistor Rl becomes zero 
5 and hence. V = V or in other words, the threshold value level and V,n coincide with each other, so that the output 
logic of the differential amplification circuit 4 becomes indefinite. 

Further, when a very fine noise (e.g. external noise such as EMI) exists on the data bus, this noise conponenl fur- 
ther inverts the output logic of the differential amplification circuit. 

Hereinafter, embodiments of the present invention will be explained with reference to the drawings. By the way, the 
10 overall structural diagram between the chips and an interface should be referred to Fig. 33 in the description below. 

Figure 35 shows a semiconductor integrated circuit according to the first embodiment of the present invention. 

In Fig. 35, an input circuit 1 0 includes a first transistor Qi ^ (a differential transistor on the input side) which receives 
the input signal Vim transferred thereto through the data bus 3 at the gate thereof, a second transistor Q^g (a differential 
transistor on the reference side) which receives the reference potential Vr^p equal to the intermediate potential power 
IS source Vjj sttostantially corresponding to the intermediate potential (+1.65V) between the high potential side power 
source Vcc (+3.3V) and the low potential side power source Vgs (OV) at the gate thereof, a third transistor Q13 function- 
ing as an active load to Q11 , a fourth transistor Q14 functioning as an active load to 0^2 and a fifth transistor Q15 func- 
tioning as a constant current source to these transistors 1 to Q14. Among these transistors ^ to Q^s. the transistors 
Qiv Q12 and are N channel type MOSFETs and the rest off the transistors Q13 and Q14 are P channel MOSFETs. 
20 The gates of Qn and 0^4 are mutually connected, and are also connected to the drain of 0^. other words, Q13 and 
Qi4 constitute a cun-ent mirror and operate in such a manner as to lower the internal resistance of Q13 and 0^4 when 
the drain voltage of Qi 1 drops, and to raise the internal resistance of Q13 and Q14 when the drain voltage rises. 

Here, the threshold values V^hi 1 . Vihi2 the first and second transistors Qi ^ . Q^g a*"® set to mutually different val- 
ues, or in other words. Vthii^Vthi2 This can be accomplished by regulating the dose of the channel region, for example. 
25 When the difference between Vthn and Vthi2 is 50 mV, for example, in the circuit construction described above 
(with the proviso that Vthi 1 > V12). the output voltage Vqut this case is the logic L in the range where V|n is not greater 
than -Hi .60V and becomes the logic H in the range where it exceeds .60V. In other words. +r iSOV which is lower by 
50 mV from V-rr becomes the threshold value. Accordingly, the data bus 3 attains a high impedance, and when 
V IN = V PEP (V-rr = +1 .65V), V|n enters the range of not lower than +1 .60V, so that the output signal Vqut 'S definitely 
30 set to the logic H. 

Even when the noise exists on V|n. V|n continues to remain within the range of at least 1 .60 if the amplitude of this 
noise on the negative side is within 50 mV Accordingly, the logic of the output signal Vqut is not undesirably inverted. 
In other words, a noise margin corresponding to 50 mV is secured, and noise resistance can be improved to the extent 
of this margin. 

35 Though the difference of the threshold values is set to 50 mV in the embodiment described above, this value is not 
limitative, in particular, and may be any value so long as it is within the range not exceeding at least 1/2 of the level of 
the input signal V|n . When the level of V|m is 300 mV. for example, the value may be selected from the range of a value 
near 0 mV to a value near 200 mV The voltage relationship between the threshold values is not limited to the relation 
Vthii > Vthi2. erther, and may be Vthn < Vthia- If the difference is 50 mV in this case, for example, Vqut becomes thie 

40 logic L within the range of Vim of not greater than +1 .TV while Vqut becomes the logic H within the range greater than 
+1 .7V. Therefore, Vqut becomes the logic L when V „g = V (1 .65V). 

Besides the adjustment of the dose, the threshold values of Q11 and Q12 can be adjusted by changing a transistor 
size (P), for example. Alternatively, the threshold values of Qi ^ and Q12 can be made different indirectly by changing the 
threshold values and sizes of the load transistors (Q13, 4) so as to change the drain voltages of 1 and Q^2- Further. 

45 the noise resistance can be improved while keeping the same threshold value for ^ and Q12 by generating a potential, 
which is within the maximum amplitude of the input signal V|n and is different from the intermediate amplitude value 
( V REP = V^T of the input signal V|n. by potential generation means such as a resistor type potential divider, and apply- 
ing this potential to the gate of 0^2- 

By the way. though the predetermined constant voltage Vg is applied to the gate of the constant current transistor 

so Q^5 in Fig. 35, the input signal V,n. for example, may be applied, as well. The drain currents Iq, Iqi2 of the differential 
transistors Q^. Q12 can be controlled in accordance with the potential change of V||sj, and response of the differential 
arrplification circuit 10 can be improved. 

Further, the judgement voltage can be deviated by using the transistors having the same characteristics for Qi 1 and 
Q12 while using the transistors having different characteristics for 0^3 and Q14. When the current of Q13 is set so as to 

55 be 1 .2 times the current of Q14. for example, the point at which Qi ^ passes the cun-ent 1 .2 times that of Q12 is the judge- 
ment point for discriminating and L and H. and in order to pass the 1.2X current. V,n must be higher than Vrep 

Figures 36 and 37 show the semiconductor integrated circuit according to the second embodiment of the present 
invention. 
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In Fig 36 reference numeral 20 denotes the Input circuit Symbols Q21 and Q22 denote the differential transistors 
and symbols Q23A. Q23B and Q24A. Q24B denote the load transistors of Q and Q22. respectively. Reference numerals 
21 and 22 denote the first and second inverter gates which output a signal Vou, that changes with the same phase as 
that of the drain voltage of 022- The common gate of Qzsb and Q24B 'S connected to the drain of Q21 . the gate of Q23A 
is connected to the output E, of the first inverter gate 21 . and the gate of Q24A is connected to the output E2 of the sec- 
ond inverter gate 22. The transistors Qgi. Q22 eand Q25 are N channel MOSf=ETs and the transistors Q23A. Q23B. Q24A 
and Q24B are P channel MOSFETs. 

According to the circuit construction described above, when V,n = logic H. E, = logic L and Q24A 's turned ONL 
Accordingly, a greater current flows through Q22. lo consequence, the judgement point for reading and separating H 
and L when V,n once becomes the logic H is a point lower than Vrep On the contrary, the judgement point for reading 
and separating H and L when V|n once becomes the logic L is a point higher than Vrep 

Accordingly, as shown in input-output characteristic diagram of Fig. 37. the rise orbit "A and the fall orbit "B" can 
describe hysteresis, and a noise margin con-esponding to the gap W between both orbits can be secured. 

Figures 38 to 40 show the semiconductor integrated circuit according to the third embodiment of the present inven- 

In Fig 38 reference numeral 30 denotes the input drcuit. Symbols Q31 and Q32 represent the differential transis- 
tors having mutually different threshold values, and symbols Q33 and Q34 represent the load transistors of Q31 and Q32. 
respectively. Reference numerals 31 and 32 denote the first and second inverter gates which output the signal Vqut 
that changes with the same phase as that of Q32. reference numeral 33 denotes a delay circuit for delaying Vqut by a 
predetermined time td,. reference numeral 34 denotes the third inverter gate for Inverting the output of th&delay circuit 
33 reference numeral 35 denotes a NAND gate for outputting a first control voltage Vh/l which becomes the logic H 
when the output (Vdly) of the third inverter gate 34 and Vqut are the logic U and reference numeral 36 denotes an AND 
gate for outputting a second control voltage Vl/h which becomes the logic H when both of Vdly and Vqut are the togic 

According to the circuit constmction described above, the internal resistance of Q34 can be increased for the time 
td, immediately after the fall of V|n. and the internal resistance of Q32 can be increased for the tirrie td, immediate^r 
after the rise of V,n. Consequently, it is possible to fix the state of the differential transistors in the predetermined period 
immediately after the rise/fall, in which these differential transistors are most likely to be affected by the noise, and to 
reliably prevent the undesirable inversion of the output logic. 

In other words. Fig. 39 is a generation time chart of the signal (Vh/l) for increasing the internal resistance of Q34 
and the signal (Vwh) for Increasing the internal resistance of Q33. The signal Vh/l is the signal which keeps the logic H 
from the fall of Vqut to the rise of Vdly. and the signal Vl^h is the signal which keeps the logic H from the nse of Vqut 
to the fall of Vdly- By the way. the H logic period of these signals Vh/l and V^h can be set to an arbitrary value by adjust- 
ing the delay time td, of the delay circuit 33. ■ • I «l^V/ i=a 

In the H logic period of V^h. internal resistance of Q33 is increased. (For example, when the logic level of Vh/l « a 
TTL level Q33 is kept OFF) In this case, the drain voltage of one of the differential transistors, i.e. Q31 . using this 033 
as the load resistor is fixed to the potential corresponding to and the drain voHage of the other differential trarei^or 
Q,o is fixed to the potential corresponding to v.^ (logic H). Accordingly, even when the noise or the like is irnputted. the 
outout Signal Vqut remains at the logic H and is not inverted. During the H logic period of Vh/l. the internal r^istance 
of Q34 is increased (with Q34 being kept OFF if the logic level of V^h is at ♦he TTL Iwel. for example), andthe drain 
voltage of the other differential transistor Q32 using this transistor Q34 as the load resister is fixed to the potential (logic 
L) corresponding to V^. Accordingly, even when the noise or the like is Inputted, the output signal Vqut remains at the 

lOQic L and is not Inverted. . ^ *: • 

Accordingly H becomes possible to fix the state of the differential transistors during the predetermined time inroe- 
diately after the rise/fall, in which these transistors are most likely to be affected by the noise, and to reliably pr^enl the 
undesirable inverston of the output logic. For example, even when the noise exists on V,n in the negative directon 
immediately after the rise as shown in Fig. 40. this embodiment can reliably avoid the undesirable logic inversion (refer 
to an imaginary line "C" in the drawing) of Vqut irrespective of the amplitude of the noise so long as the noise position 

is included within the predetermined time tdv , ^ ^ ^, 

Figures 41 and 42 show the senticonductor integrated circuit device according to the fourth embodiment ot tne 

'''^^la 4l!'rSerence numeral 40 denotes the input circuit. This input circuit 40 includes a first differential amplifica- 
tion unit 50 a second differential amplification unit 60 and a selection unit (selection means) 70. _ ... ^ 

The fir^ differential amplification unit 50 includes differential transistors Q51. Q52. "oad transistors Q53. Q54 and a 
constant current transistor Q55. It also includes resistors R51 and R52 as potential generation iiieans to' generating a 
reference potential (the first potential) SLh, on the high side by effecting resistor type potential division of the potential 
difference (1 65V) between the power source V„ on the high potential side and the reference voltage Vrep 

The second differential amplHication unit 60 includes differential transistors Qei. Q62. "oad transistors Qss. Q64 and 
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GTLM. 

Figure 32 is a diagram illustrating the constitution of the transceiver (constitution for one bit only) The data input 
buffer 71 1 has five PMOS transistors Q71 1 A. Q71 1 B. Q71 1 C. Q71 1 D. Q71 1 E. four NMOS transistors Q71 1 F. Q7i i G. 
Q711H. Q711I. and one inverter gate 713. and compares the potential at the data, input/output terminal 714 wrth the 
5 reference voltage INREF, and renders the output (output of the inverter gate 713, hereinafter denoted by symbol A) to 
assume the high level when the INREF is lower. 

The data output buffer 712 has a group of output transistors 720 including a first PMOS transistor 715 and a first 
NMOS transistor 716 connected in series between the high-potential power source V^c and the low-potential power 
source Vss. a second PMOS transistor 717 and aiSecond NMOS transistor 718 similarly connected in series, and a third 
TO NMOS transistor 71 9 connected in parallel with the first NMOS transistor 71 6 (or the second NMOS transistor 71 8). 

The first and second PMOS transistors 715. 716 as well as the first to third NMOS transistors 717 to 719 are con- 
trolled for their turn on/off operation by a control circuit 721 which comprises NAND gates 722 to 727. NOR gates 728 
to 731 , and inverter gates 732 to 735. 

Each of the operation modes will be described hereinbelow. In the following description, both the tri-state control 
75 signal TSC and the operatton permit signal Enable have the high level. 

First, when the signal CTTM and the signal GTLM have the low level (GTL mode), the output of the NAND gate 725 
20 is fixed to the high level, and whereby the output of the NOR gate 731 is fixed to the low level and the output of the 
NAND gate 724 is fixed to the high level, so that the logic of the signal B is inhibited from being fed back to the side of 
the output buffer. At the same time, the output of the inverter gate 734 assumes the high level, the output of the NOR 
gate 728 assumes the low level and. hence, the outputs of the NAND gates 722 and 723 are fixed to the high level, the 
first and second PMOS transistors 715 and 717 are fixed to the off state, and the NMOS transistors only perform the 
25 open-drain operation in the group of output transistors 720. That is. when the logic of the data Din from the internal cir- 
cuit is. for instance, low level, the outputs of the NOR gates 729 and 730 both assume the high level and, at the same 
time, the output off the inverter gate 735 assumes the high level, too. Therefore, the first and second NMOS transistors 
716 and 718 are turned on and. in addition, the third NMOS transistor 71 9 is turned on. so that the Input/output terminal 
714 is efficiently driven by these three NMOS transistors. Thus, there is realized an output transistor which produces a 
30 large driving force required for the GTL moda 

[CTT] 

Next, when the signal CTTM has the low level and the signal GTLM has the high level (CTT mode), the outputs of 
35 the NAND gate 725 and the inverter gate 734 both have the low level. Therefore, the logic of the signal B is fed back to 
the side of the output buffer, and the transistors constituting the group of output transistors 720 are turned on and off 
depending upon the logics of both the signal B and the data Din from the internal circuit. 

That is, the logic of the signal B remains at the low level immediately after the logic of the data Din from the internal 
circuit has changed from the low level into the high level. Therefore, the outputs of the AND gates 722 and 723 assume 
40 the low level, the first and second PMOS transistors 71 5 and 71 7 are turned on. and the output terminal 71 4 are driven 
by these two PMOS transistors. TTien, when the potential of the output terminal 714 becomes greater than the reference 
voltage INREF and the signal B assumes the high level after a predetermined period of time has passed, the output of 
the AND gate 724 assumes the low level, the output of the AND gate 723 assumes the high level, and the second 
PMOS transistor 71 7 Is turned off. As a result, the subsequent output terminal 71 4 is driven by the first PMOS transistor 
45 715 only, and the waveform of the data DQ is not distorted. 

[TTLJ 

Next, when the signal CTTM and the signal GTLM have the high level (TTL mode), the output of the NAND gate 
so 725 is fixed to the high level, the output of the NOR gate 731 assumes the low level and the output of the NAND gate 
724 assumes the high level. Therefore, the transistors constituting the group of output transistors 720 operate in parallel 
depending upon the logic of the data Din from the internal circuit irrespective of the logic of the signal B, and work to 
efficiently drive the capacitive load connected to the output terminal 714. 

As described atDove. according to this embodiment in which provision is made of switching elements 603 and 604 
55 (see Fig. 28) which interrupt the power source curent to the comparators 601 . 602 (see Fig, 28) that judge the level of 
the reference voltage Vrep when the potential of the reference voltage terminal 607 is Vcc or is open, it is made possible 
to decrease the consumption of electric power during the operation in the TTL mode. 

Moreover, since the third NMOS transistor 719 is connected in parallel with the first and second NMOS transistors 
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716 and 718 (see Fig. 32) and is permitted to operate in the predetermined operation modes (e.g.. TTL and GTL 
modes). it is made possible to inwease the drivability of the transistor of the pull-down side in the predetermined oper- 
ation modes. 

Moreover, since the reference voltage INREF used in the data input Ixjffer 711 (see Fig. 32) is alternatively 
changed into either Vref or Vctt. the reference voltage INREF is optimized for each of the operation modes in order to 
stabilize the operation of the data input buffer 71 1 . 

For a better understanding of the preferred embodiments, the related prior art will be explained wrth reference to 

Rgs. 33 and 34. . ^ . - .4 

In Fig. 33. reference numeral 1 denotes an LSI chip on a data output side (hereinafter rderred to as an output 
chip") and reference numeral 2 denotes an LSI on a data input side (hereinafter refen-ed to as an 'input chip"). These 
oulput and input chips are connected by a data bus 3 which is shared in common with other chips. The data bus 3 is 
connected to a predetermined intermediate potential power source V^r (a power source having an intermediate poten- 
tial between a high potential side power source Vcc and a tow potential side power source y^s- e g. Vtt = +1 .65V when 
v.- = +3.3V and = OV) through a resistor Rl- 

Here assuming that internal data Di of the output chip 1 is a logic "H". for example, with the proviso that a high 
inv> dance control signal Ch is the logic "H". Since both of Di and Ch have the logic "H". the oulput of an AND gate 1 a 
becomes the logic "H" and an oulput transistor lb on the Vgs side is turned ON. Accordingly, a current (-U flows in a 
direction of Vrr -» resistor Rl -* output transistor 1b -». V^,. and a voltage drop Ru x -II occurs across botti ends of ttte 
resistor Rl- In consequence, a potential of an input termiani IN of a differential amplification circuit 4 disposed inside ^e 
input chip 2 becomes -(Rl x IJ [V] and becomes "lower" by "(Rl x U" M than a potential Vref ( V ref = V tt ) a 
erence terminal REF. 

On the other hand, when the internal data Di is ttie logic "L". the output of ttie AND gate la becomes ttie logic L 
and the oulput transistor 1b on ttie Vss side is turned OFF However, since the output of a NOR gate 1c is the logic "L". 
an output transistor Id on the V^ side is turned ON. Accordingly, in this case, the current (+10 flows in a direction Vcc 
-» output transistor Id -* resistor Rl Vjt. and a vottage drop Rl x II occurs across both ends of the resistor Rl- 
Therefore, the potential V,n of the input terminal IN of the differential amplif ication circuit 4 become +(Rl x y [V] and 
is higher ijy +(RL x I J [V] than the potential Vref of the reference terminal REF 

Rgure 34 is a structural diagram of the differential amplification circuit 4. This differential amplificafton circuit 4 
includes a first transistor Q, which receives the input voltage V,n at the gate thereof, a second transistor Qg which 
receives the reference voltage Vref having a substantial intermediate potential (+1.65V) between the high potentel 
side power source Vcc (+3.3V) and the low potential side power source V^^ (OV) at the gate thereof, load transistors Q3 
and Q4 having a current mirror structure connected to the drain side of the first and second transistors Q, and Qg, and 
a constant current source 4a interposed between the first and second transistors Q,. Q2 and the low potential side 

power source Vgs- _ , . 

A pair of transistors having uniform characteristics are used as the first and second transistors Qi. Qa- m other 
words these transistors Q,. Cfe function as differential transistors, and oulput a voltage Vqut proportional to the differ- 
ence between Vrpf and V,n from the terminal OUT thereof. The drain current b, of the first transistor Q, and the dram 
current In, of the second transistor have a relational formula bi : bz = 1 : " which is determined by a current mirror 
ratio n (n includes 1 ) of the load transistors O3. Q4, and bi + ba 'S "mited to a constant current Ic by the constant current 
source 4a. Hereinafter, it will be assumed for ease of explanatfon that n = 1 or in other words, bi : Id2 = ■> • ^ • 

In ttie circuit constnjctlon described above, the logic level of the output voltage Vqut of the differential amplification 
circuit 4 is determined in accordance vinth the voltage relationship between V,n and Vref When V,n > Vrep that is. 
when V|N exceeds -hi .65V. I x 1 > I x n . Accordingly, the drain voltage of Qi substantially conresponds to V^ 
(OV) Since this drain voltage of Q, is also the gate voltage of the load transistor Q4 (P-channel N40SFET). the channel 
resistance of Q4 becomes minimal and hence, the level of the output voltage Vqut is pulled up to the logic H which sub- 
stantially corresponds to V^. (+3.3V). When V^ < Vrep on the contrary, that is. when V,n is lower than +1.65V. 
I D, 1 < I D2 X n . on the contrary. Accordingly, the level of the output voltage Vqut 'S lowered to the logic L substan- 
tially corresponding to Vgg. ^ ^ j j 

However the prior art input circuH described above employs the structure wherein the logic H is outputted «men the 
level of the input signal V,n is higher than Vrep that is. Vrr (= +1 -65 V) as the threshold value, and the logic L is out- 
putted when the level is lower than Vref Accordingly, the following problems occur. 

When a noise (e.g. an external noise such as ringing due to signal reflection. EIWII. etc) adds to the input signal, ttiis 
noise component undesirably inverts the output logic. Though ringing due to reflection can be suppressed to a certain 
extent by finely dividing the level of the signal (±300 mV to ±500 mV) as already described, ringing cannot be removed 
completely Therefore, this problem occurs unavoidable, though the degree may be different u u. 

When the output circuit connected to the data bus is of a three-state type, there occurs the problem in that the out- 
put logic of the differential amplification circuit 4 becomes indefinite. (In other words, it is not distinct whether the output 
logic becomes the logic L or the logic H.) For example, when ttie control signal Ch becomes the logic L in the chip 1 
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In Rg. 25, a mode control means 501 renders the output S499 of the NAND gate 499 to assume the logic opposite 
to that of the mode designation signal CMOS and renders the output S500 of the NAND gate 500 to assume the same 
logic as that of the mode designation signal CMOS when the mode designation signal GTL has the H-level. When the 
mode designation signal GTL has the L-level, furthermore, the mode control means 501 fixes the two outputs S499 and 
5 S500 to the L-level irrespective of the logic of the mode designation signal CMOS. Here, reference numeral 502 
denotes an inverter gate that forms a signal of a logic opposite to that of the mode designation signal CMOS. 

These two outputs S499 and S500 are added to the NAND gate 503 and the NOR gate 504 of the on/off control 
means 491 A. The NAND gate 503 simply works as an Inverter gate when the output S499 has the H-le/el, i.e., when 
the mode designation signal GTL has the H-leval and the mode designation signal CMOS has the L-level or] in other 
10 words, in the CMOS mode. 

Therefore, the output S503 of the NAND gate 503 has the same logic as the signal A in the CMOS mode and is 
fixed to the H-level in other modes (CTT/GTL). The NOR gate 504 simply works as an inverter gate when the output 
S500 has the L-level, I.e.. when the mode designation signal GTL has the H-level and the mode designation signal 
CMOS has the L-level, or when the mode designation signal GTL has the L-level. Or, In other words, the NOR gate 504 
15 simply works as an inverter gate in the CMOS mode or In the GTL mode. 

Therefore, the output S504 of the NOR gate 504 has the same logic as that of the signal A In the CMOS mode or 
In the GTL mode, and is fixed to the L-level In the other mode (CTT). 

According to the third embodiment as shown in a time chart of Fig. 26. therefore, the output terminal 451 is driven 
by the first PMOS transistor 443a and the first NMOS transistor 443b only in the CTT mode, and the same operation as 
20 that of the aforementioned second embodiment is obtained in other modes (GTL mode or CMOS mode). The above 
modified embodiment is suited for a system which has a long transfer distance of the CTT level. When the transfer dis- 
tance Is long, the acceleration effect by the second PMOS transistor 444a and the second NMOS transistor 444b Is 
weak and. in this case, it is rather advantageous to simplify the circuit. 

Figs. 27 to 32 are diagrams illustrating a semiconductor integrated circuit according to an embodiment of the 
25 present Invention. 

This embodiment is to eliminate the defect of the circuit (see Fig. 22) for automatically forming the mode designa- 
tion signal of the above-mentioned embodiment. 

That is. the circuit of Fig. 22 of the above-mentioned embodiment determines the logic of the mode designation sig- 
nal (signal CMOS) by comparing the reference potential Vref with the "threshold voltage" of the NMOS transistor 470. 

30 Generally, however, variation is Inevitably Involved in the threshold voltage of the transistor due to error in the step of 
fabrication, and much room is left for improving the stability of operation. 

Fig. 27 is a diagram illustrating the principle and constitution of this emkxxJIment. wheran reference numerals 601 
and 602 denote comparators. Hereinafter, the comparator 601 is called first conrparator, and the comparator 602 is 
called second comparator. The first comparator 601 compares the reference voltage Vr^f with a constant voltage Vctt. 

35 and outputs a signal CTTM of a predetermined logic (high level) when Vrep > Vctt- The second comparator 602 com- 
pares the reference voltage Vref with a constant voltage Vqtl. and outputs a signal GTLM of a predetermined logic 
(high level) when Vref > Vqtl- Here, the constant voltage Vctt t^as a potential which is greater than a value (Vcc/2 = 
+1 ,65V or +1 .5V) of the reference voltage Vref t^© CTT mode, and the constant voltage Vqtl *^as a potential which 
Is greater than a value (-fO.SV) of the reference voltage Vref the GTL mode. Desirably, for instance, Vctt =^ +2.2V 

40 and Vqtl = +l.2V. 

Table 2 shows the reference voltage Vref and the mode designation signals (CTTM. GTLM). 



Table 2 



Range of comparison 


Mode designation signal 


Mode 




CTTM 


GTLM 




Vref<+1.2V 


low level 


low level 


GTL 


+1.2V<Vref>+2.2V 


low level 


high level 


CTT 


+2.2V < Vref > Vcc (or open) 


high level 


high level 


TTL 



Thus, the operation for discriminating the three modes is stabilized relying upon the precision of the two constant 
55 voltages Vcrr and Vqtl. and the constant voltages Vctt and Vqtl are precisely formed by. for example, dividing volt- 
age using resistors. There is thus realized a circuit for automatically forming mode designation signals suited for the 
interfaces for practically all of CTT, GTL and TTL 

This emt)odiment is further provided with switching elements 603 and 604 capable of interrupting the power source 
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10 



15 



20 



25 



30 



35 



40 



sumed bv the first and second comparators 601 . 602 in the TTL mode. 

MoScTrtNs embodiment is^ovided with a bitching element 606 which selects either the reference votege 
V ^ th^S^iS^r^ SSe 5ttl according to the logic of the signal CTTM to use it as a reference votege INREF (eo. 
v''^' S Ra^fS biSr circuit. When the signal CTTM has the low level, i.e.. in the CTTmode or .n the GTL 

Vref of Fig. 16) of jnput Duner c . ^ ^ 

t^e^itiTeL^^^^^^^ 9^-^^ and ""St lormina a modedes- 

28 is a diaoram which concretely illustrates the constitution of a circuit for automatcally forming a moded^- 

'^?SeTati'°of*me'^*L.rs in the above two .^hing elements 603 and 604 are served with a potentel ^m a 
referrnce S,toge terminal 607 of the chip via the resistor R600. When the reference 

ll sS) is appliil from outside the chip (CTT or GTL mode), this potential becomes ^^^.'^J^^^'^ ^"^-^ "^^^ 

^e. so that no electric power is co"--*- '^^^^^ ^Tn^^S^^^^ with the constant vo«age 

The first --ff ™ « ^« 

sS^T^^^S^iTrr^eTthT^i^aT^t the refeS^ce voHage ternjn^ 60™ -Jant -Itage 

^^^r^S^^^^ 'i^ .nS^F^ Signal c™ has me 

the portion surrounded by a dot-dash chain nne is a cirwj Hfinotes a mode control. 703 denotes an 

sr4»rrL^^nrvi'™xrarj^E5a'sr»^ 
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30 



fed to the circuit 450 in the chip during, for example, the standby mode by setting the signal Enable to the L-level 

Reference numeral 491 denotes an on/off control means which is different from the on/off control unit of the first 
embodiment with respect to using a NAND gate 492 for turning the first PMOS transistor 443a on and off and usina so- 
. ^ *® PI^OS transistor 444a and the second NI^OS transis- 

tor 444b on and off. and further with respect to providing the inverter gate 466 for turning the first NMOS transistor 443b 
on and off with an additional circuit which consists of an NMOS transistor 495 and a resistor 496 The NAND qate 492 
simply worteas an inverter gate if the predetermined mode designation signal BTL bar (hereinafter, bar is omitted) has 
the H^evel That is. the output S492 serves as an opposite logic to the output S457 of the NOR gate 457 in the preced- 
ing stege. As the mode designation signal GTL assumes the L-level (GTL mode), however, the output S492 is fixed to 
the H-level irrespective of the logic of the output S4S7. 

During the period in which the mode designation signal GTL assumes the L-level. therefore, the first PMOS tran- 
*° turned-off state. The chattering-free circuits 493 and 494 consist of multi-stage inverter gates 
4S«a(494a) and flip-flops 493b(494b). and inhibit the reception of input for a period of time determined by the multi- 
stage inverter gates 493a(494a) in order to improve resistance against the noise. The chattering-free circuits 493 and 

494 determine their output logic depending upon the logics of the output 8457 of the NOR gate 457. output 8458 of the 
NAND gate 458. and two outputs S499 and S500 (described later) of the mode control means 497. An NMOS transistor 

495 and a resistor 496 added to the inverter gate 466 so work that, when the mode designation signal GTL has the L- 
level (GTL mode), the NMOS transistor 495 is turned off and the resistor 496 is inserted in the low-potential power 
source passage of the inverter gate 466 (i.e. , in the gate discharge passage of the first NMOS transistor 443b) in order 
to retard the cut-off of the first NMOS transistor 443b and to avoid sudden snap-off of the output signal 

The mode control means 497 is different from the mode control means of the first embodiment with respect to 
removing the inverter gate 459 and adding an inverter gate 498 that inverts the logic of the mode designation signal 
GTL and two NOR gates 499 and 500. When the mode designation signal GTL has the H-level. the two NOR gates 499 
and 500 simply work as inverter gates. When the mode designation signal GTL has the L-level (GTL mode) however 
the outputs S499 and S500 of the two NOR gates 499 and 500 are forcibly fixed to the L-level. Here, the oJiput S461 
of the inverter gate 461 and the output S462 of the NAND gate 462 have a logic opposite to that of the signal B 
(beconies opposft to that of the first embodiment since the inverter gate 459 is removed) when the mode designation 
signal CMOS has the H-level, but are forcibly fixed to the L-level when the mode designation signal CMOS has the L- 
level. 

Therefore, the logics of the outputs S499 and S500 taken out from the mode control means 497 are exclusively 
determined from the logics of the two mode designation signals GTL. CMOS and of the signal B as shown in Table 1 
below. 



35 



40 



Table 1 



Signal 


Output 


Mode 


CMOS 


GTL 


B 


S499 


S500 




H 


H 


H/L 


H/L 


HA- 


CTT 


L 


H 




H 


L 


CMOS 




L 




L 


L 


GTL 



45 Each of the modes will be described hereinafter. 
[CTT Mode] 



so 



55 



The CTT mode is established when both the two mode designation signals CMOS and GTL have the H-level 
Immediately after the signal A has changed from L into H. the signal B has the H-level. and the outputs S499 and 
8500 taken out from the mode control means 497 both have the H-level from Table 1 above. 

Therefore, the output logic of the chattering-free circuits 493 and 494 of the on/off control means 491 becomes 
opposite to that of the signal A; i.e., since the signal A has the H-level. the outputs S493 and S494 assume the L-level 
As a result, the four outputs {S492. S493. S494 and S466) of the on/off control means 491 all assume the L-level 
whereby the first PMOS transistor 443a and the second PMOS transistor 444a are turned on. and the input/output ter- 
minal 451 IS double<lriven toward the V^c side. When the logic at the input/output terminal 451 is fixed to the H-level 
the signal B is inverted into the L-level. and the outputs S499 and S500 taken out from the mode control means 497 
both assume the L-level from Table 1 . 
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After the looic at the input/output terminal 451 is fixed to the H-level. therefore, the output S493 of the chattering- 
f ree a^SiiT'sS^urili Se m^el. so that the second PMOS transistor 444a is turned off and the input/output tern.- 
nal 451 is driven by the first PMOS transistor 443a only. 

As the signal A changes from the H-leve! into the Uevel. on the other hand, the signal B is still assuming *e L-teve^ 
immSiS ely ISer me change. Therefore, the outputs S499 and S500 taken out from the mode control means 497 both 

^"^eT^rXI^JtV ^rL the H-level since the output S463 of the chattering-f ree arcuit is^^ to 
the Wevfand We^ut S494 of the chaltering-free circuit 494 has the logic opposite to that of the signal A which e 
l«rjfl «i L ^el TaTesult the four outputs (S492. S493. S494. and S466) of the on/off control means 491 aU 

r^i^Ct^output terminal 45? is double^lriven toward the side. Then as the logic ffj^^j^^f 1^,"^^^ 
fixed to theT-level. the signal B is inverted into the mevel and. from Table 1 above, the outputs S499 and S500 taken 

free dSiir494 S^mes th^ UeJel. whereby the second NMOS transistor 444b is turned off and the uiputtoutput ter- 
minal 451 is driven by the first NMOS transistor 443b only. 

[CMOS Mode] 

The CMOS mode is estabfished when the terminal resistor 454 is removed and the mode designation signal CMOS 
is set to the L-leveJ while maintaining the mode designation signal GTL at the H-level. 

t ttS modTfrom the above Table 1 . the output S499 taken out from the mode control means 497 is f «ed to the 

H-level and the output 8500 is fixed to the Uevel irrespective of the signal B. _^ , aqi haue 

H-ievffl . s^g. I jhe chattering-f ree drcuits 493. 494 in the on/off control means 491 have 

. rSSJ^ Co^hfsS^rll^^^^^^^^^ A hL. for instance, the H-level. then the outputs S493 and S494 
a logic opposite to that of me signal ^J^^""^ ^ S466) of the on/off control means 491 all have the 

havetheUevelAsares^^^^^^^^^^ 

S't^?MO?^nLI^^rS^ 

2e^^enS.t?gnyrhrS.rL-Sel. the first NMOS transistor 443b and the second NMOS transislor444b are 

fs «,nJnued e^en after the le.el is fixed at the input/output terminal 451 ..e even after the logic of the signal B e 
inverted, and a large driving force is obtained that is necessary for the CMOS level. 

[GTL Mode] 

The GTL mode is established when the mode designation signal GTL is set to the LMevel. In this case, the logic of 
the JSe desigS'on signal CMOS is neglected. In the GTL mode, the terminal resistor 454 must be attached and the 

'''Ti>SSe^e"Z'^"^'sn, 8500 taken out from the mode control means 497 are both «xed to me 

iTmm< 451 Is changed Iran the Into Ih. L-lwel. This h. » «<«d« a sudden snap<«l o( Ihe oulpU s«nal by 

o?MO?^nJSS in t^e GTL ^e the two PMOS transistois are cut off at all times to constitute the op«i draia In 
S^^OrnStfu^hermS'e!:^^^^ 

" 'tSsIs LXe a;^d!^i« illustrating the semiconductor integrated drcuH according to a third embodi-^^ 
443b only. 
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assumes the H-level. Therefore, the output S457 of the NOR gate 457 and the output S458 of the AND gate 458 both 
assume the H-level. Immediately after the signal A has changed from L into H. the signal B has the H-level (since the 
input/output terminal 451 has the L-level) and, besides, the signal CMOS has the H-level during the CTT operation. 
Therefore, outputs of the inverter gates 459 and 460 in the mode control means 449 both assume the L-level, Accord- 
5 ingly, the NOR gate 461 and the NAND gate 462 simply operate as inverter gates and their outputs S461 and S462 both 
assume the H-level like the signal B. 

Accordingly, the output S463 of the inverter gate 463 in the on/off control means 446. the output S464 of the NAND 
gate 464, the output S465 of the NOR gate 465. and the output S466 of the inverter gate 466 all assume the L-level. 
Therefore, the first PMOS transistor 443a and tlje second PMOS transistor 444a in the two stages of CMOS units 443 

10 and 444 are both turned on. and the first NMOS transistor 443b and the second NMOS transistor 444b in the CMOS 
units 443 and 444 are both turned off, permitting a current to flow in the direction of "Vgc first PMOS transistor 
443a and second PMOS transistor 444a -> terminal resistor 454 Vrr". As the signal B is inverted Into the L-level at 
a moment when the potential of the non-inverted input (+) of the differential amplifier unit 447 becomes higher than the 
potential of the inverted input (-) by II x Rl (Rl denotes the value of the terminal resistor 454, e.g.. 25n), i.e., at a 

IS moment when the logic (H-level of CTT) is fixed at the input/output terminal 451 , than, both the two outputs S461 and 
S462 from the mode control means 449 change into the L-level. and the output S464 of the AND gate 464 in the on/off 
control means 446 assumes the H-level. After the logic of the input/output terminal 451 is fixed, therefor, the drive cur- 
rent +l|. is supplied by the first PMOS transistor 443a only. 

As the signal A changes from the H-level into the L-level (but the signal TSC remains at the L-level). on the other 

20 hand, the output of the inverter gate 455 of the on/off control means 446 assumes the H-level. and both the output S457 
of the NOR gate 457 and the output S458 of the AND gate 458 assume the L-level. Immediately after the signal A has 
changed from H into L, the signal B has the L-level. Therefore, the output of the inverter gate 459 of the mode control 
means 449 assumes the H-level. and both the output S461 of the NOR gate 461 and the output 8462 of the NAND gate 
462 assume the L-level. 

25 Therefore, the output S463 of the inverter gate 463 in the on/off control means 446. the output S464 of the NAND 
gate 464, the output S465 of the NOR gate 465. and the output 8466 of the inverter gate 466 all assume the H-level. 
Contrary to the above-mentioned case, therefore, the first PMOS transistor 443a and the second* PMOS transistor 444a 
in the CMOS units 443 and 444 are both turned off. and the first NMOS transistor 443b and the second NMOS transistor 
444b in the CMOS units 443 and 444 are both turned on, permitting the cun-ent -II to flow in the direction of "Vrr 

30 terminal resistor 454 first NMOS transistor 443b and second NMOS transistor 444b -> \/^\ As the signal B is 
inverted into the H-level at a moment when the potential of the non-inverted input (+) of the differential amplifier unit 447 
becomes lower than the potential of the inverted input (-) by II x Rl. i.e., at a moment when the logic (L-level of CTT) is 
fixed at input/output terminal 451 . then both the two outputs S461 and S462 from the mode control means 449 change 
into the H-level. and the output S465 of the NOR gate 465 in the on/off control means 446 assumes the L-levei. After 

35 the logic of the input/output terminal 451 is fixed, therefore, the drive cun^ent -II is supplied by the first NMOS transistor 
443b only. 

[CMOS Operation] 

40 If the mode designation signal CMOS bar (hereinafter, bar is omitted) is set to the L-level. it is allowed to use the 
semiconductor integrated circuit 440 on the CMOS level. In this case, the terminal resistor 454 is removed from 
between the signal line 453 and Vjj. 

As the signal CMOS is set to the L-level. the output S461 of the mode control means 449 is fixed to the L-level and 
the output S462 is fixed to the H-level irrespective of the logic of the signal B. Accordingly. NAND gate 464 and the NOR 
45 gate 465 in the on/off control means 446 simply work as inverter gates and, hence, the two stages of CMOS units 443 
and 444 perform on/off operations in parallel in response to the logic of the signal A. 

When the signal A changes, for example, from the L-ievel into the H-level (but the signal TSC remains at the L- 
level), the four outputs (S463, S464. 8465, and 8466) of the on/off control means 446 all assume the L-level since S457 
and 8458 both have the H-level. and the first PMOS transistor 443a and the second PMOS transistor 444a in the two 
so stages of CMOS units 443 and 444 are both turned on. The period in which these two PMOS transistors 443a and 444a 
are turned on is in agreement with the period in which the signal A assumes the H-level. 

During the period in which the signal A has the H-level, therefore, the output terminal 451 is double-driven by the 
two PMOS transistors 443a and 444a. The same holds even when the signal A has changed into the L-level. In this 
case, the first NMOS transistor 443b and the second NMOS transistor 444b in the two stages of CMOS units 443 and 
55 444 are both turned on. 

During the period in which the signal A has the L-level. therefore, the output terminal 451 is double-driven by the 
two NMOS transistors 443b and 444b. 

Fig. 21 is a time chart for comparing the CTT mode with the CMOS mode. In the CTT mode, the logics of the sig- 
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nals S464. S465. S463 and S466 are in agreement immediately after the signal A has changed until the logic of the 

signal B is inverted. _ ^^aav. 

In the CTT mode therefore, the tvw) PMOS transistors 443a and 444a or the two NMOS transistors 443b and 444t^ 
are turned on in parallel only during a period of immediately after the signal A has changed until the logic of the signal 
B iiTerteS After this period, the «rst PMOS transistor 443a only or the first NMOS transistor 444a only is turned on. 
The amolitude of the signal appearing at the output terminal 451 (i.e.. on the signal line 453) is determined by the resist- 
ance Ron of the first PMOS transistor 443a or the f iret NMOS transistor 444a of when it is turn^ on. ttie resistance 
of the teLnal resistor 454 and the terminal voltage Vtt. When, for instance, the signal anr^lrtude .s 0.4V. Vyr -s 1^5V 
and R, is 25a then Rqn becomes 68.7Sn from the above equation (1). To satisfy this value Ron. the size of the first 
PMOS transistor 443a or the first NMOS transistor 444a should be set to be about "L = 1 jim and W = 200 ,.m . 

in the CMOS mode, on the other hand, the logics of the signals S464. S465. S463 and S466 are always m agree- 
ment and besides, the terminal resistor 454 is removed. Accordingly, the amplitude of the signal appearing at the out- 
DiSTefJ^nS ii is determined by the resistances of the tm parallel PMOS transistors 443a. 444a or the two parallel 
5M?sriiSrs4i3b. 444b Of len they ar^ 

and the first NMOS transistor 443b to be about 68.75n and by setting the on-resistance the second PMOS W^f^ 
444a and the second NMOS transistor 444b to be as small as possible, therefore. It is allowed to sufficiently decrease 
the parallel on-resislance and hence to maintain a driving power necessary for the CMOS le^^^^ 

¥tt,e size of the second PMOS transistor 444a and the second NMOS transistor 444b .s set to be neariy ttiat of a 
general CMOS output transistor (e.g.. L = 1 nm. W = 1000 ^m). a sufficiently large driving power is obtained fromthe 
second PMOS transistor 444a and the second NMOS transistor 444b only, in principle. Howev^. the present inventon 
fs i^o way limited to the one in which the two MOS transistors are driven in parallel, but may be the one m whi* J^e 
ntornai rcfiistances of the f irsl PMOS transistor 443a and the first NMOS transistor 443b are set to values surted for the 
'2^trand':^e"^^^^^^ 

set to values suited for the MOS level, so that these two sets of MOS transistors can be used depending "fo" CTT 
fieVand the CMOS level. The driving power can be further increased H the two ^ ' 

as a matter of course. Therefore, it is quite natural to employ the above driving metttod for the CI^OS mode. 

It is desired that the mode designation signal CMOS is automatically fomied by a circuit that is shown in Fia 22^ 

This circuit monitors the potential (reference potential ''^^^^'^ll'^^^^^J^^^, '^;Z2tSo&tZIZZB^^ 
chip 440. and turns the NMOS transistor 470 on so that the output (signal CMOS) of ttie CMOS inverter sate 471 
assumes the H-level when the potential is higher than a threshold voltage of the NMOS transistor 470 '.e . when the 
tTm^voigev!^{="l.5V)ofCTT 

Sstol^TOc^S S the output (signal cSs) of the CMOS inverter gate 471 assumes the L-level when the reference 

SaQeterS452tefna^^^ 

?eTerele n^^^^^^ 472 to 474 denote resistors, and 457 denote a capacitor. The resistor *72 «orks to apply 
Ih! mSu«d teJ^to ie aate of NMOS transistor 470 when the reference terminal 452 is opened, and the resistor 473 
s^^ afaS eleme^^^^^^ transistor 470. The resistor 472 and the capacitor 475 constitute an integraton 

circuit which cuts the input noise and prevents erroneous operation of the NMOS transistor 470. 

ilT^eM7^es the CT^ mode or the CMOS mode to be used being automatically switched depending 
upon the potential of the reference voltage temiinal 452. i.e.. enables the semiconductor integrated drcuittobero^ 

'^"r^s^S and 24 are diagrams illustrating the semiconductor integrated circurt according to .^^^^^^^ 

of the oresent invention, i.e.. the semiconductor integrated circuit that can be used even for the GTL in addition to the 

St? and SToa i circurt elements common to those of the first embodiment are denoted by the same reference 

""^^^constitution will be desaibed firat. In Fig. 23. reference numeral 480 denotes a differential anplifier unit in 
which the gates of a pair of NMOS transistors 481 and 482 are connected to the input/output *^ 
Terence Joltage terminal 452. the sources of the same NMOS transistors 481 and 482 are »° 
DoteSal side power source V33 via a constant-current transistor 483. and two PMOS transistors 484 and 485 (486 and 
S^S^retonnS beJ^eenlach of the drains of the NMOS transistors 481. 482 and the high-potent«l side power 
^u^ V Te gS^TJTpMOS transistors 484 and 486 are connected to the input/output tenrnnal «1 v« a resis- 
^ S rnd^e gat^ of the PMOS transistora 485 and 487 are connected to the drain of the ^^^^f^^'^^l'^l^l 
F^rti^rri^re. the gate of the constant-current transistor 483 is connected to the input/outputterminal 
4S in the tf^us co^tituted differential amplifier unit 480. a signal (signal B) that is dependent upon a POt^^-^'^r^ 
sS bUveen the input/output terminal 451 and the reference voltage terminal 452 is taken out from the dra'n of ttie 
NMOS^nJsSr 481. TlTsignal B assumes the L-level when the potential at ^'^^ /''^"l^^^f^'f,^- J"^^^^ 
(H-level) than the potential at the reference voltage temiinal 452. and assumes the H-level when tje Pote^al at ^ 
nputtoulput terminal 451 is lower (L-level) than the potential at the reference voltage J ""'"^'/^^^JJl^JS fr^^ 
toa drcurt 450 in the chip via a NAND gate 490 that is controlled by a signal Enable, but can be prevented from being 
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iment can be omitted. 

Fig. 12 is a diagram of a threshold value of Q305 (conveniently denoted by Vth305) and a threshold value of Q306 
and Q307 (conveniently denoted by Vth306) for the logic amplitudes (very small amplitude Dmin and large amplitude 
Dmax) of the input signal Vin. 
5 If Vth305 and Vth306 are so designed as to establish the following relationship (2), 

Vth306 + Vth305 + Dmin + p = Dmax (2) 

where p denotes an operation margin, then. Q3Q5, Q306 and Q307 are all turned on when V,n has a very small ampli- 

10 tude {high-speed data transfer) to permit the operation of the differential amplifier unit 360. When Vug has a large ampli- 
tude (low-speed data transfer), on the other hand, either the Q305 side or the Q306. Q307 side is turned on depending 
on the logic state of V^m in order to inhibit the operation of the differential amplifier unit 360. 

Fig. 13 is a diagram illustrating the constitution of an input/output circuit in the chip that includes the input circuit 
explained In the above embodiment. An output circuit 366 gives a signal Dqut ^fom inside the chip to output transistors 

IS 369 and 370 of the push-pull constitution via two inverter gates 367 and 368, and further gives it to an accelerator circuit 
377 which comprises an AND gate 371. a NOR gate 372, resistors 373 and 374, and transistors 375 and 376. Here, 
symbol N1 denotes an input node of the output circuit 366, N2 denotes a node of the gate of one output transistor 369, 
N3 denotes a node of the gate of the other output transistor 370. N4 denotes a node of the gate of one transistor 375 
constituting the accelerator circuit 377, N5 denotes a node of the gate of the other transistor 376 constituting the accel- 

20 erator circuit 377. N6 denotes an output node of the output circuit (which also is an input node of the input circuit), and 
N7 to N1 0 denote nodes of the input circuit. 

If, now. DouT changes from, for example, the H-logic to the L-logic, the nodes N2 and N3 change from the L-logic 
to the H-logic, and the one transistor 369 is turned off from the turned-on condition and the other output transistor 370 
is, conversely, turned on from the turned-off condition. 

25 Therefore, the level at the node N6 tends to be pulled down to Vg^ via the transistor 370. Here, a data line having 
a large capacitance is connected to an I/O terminal DO of the chip, and the potential at the node N6 changes more 
slowly than a change of Dqut terms of the time, however, this change is as short as of the order of nanoseconds, 
and the occurrence of ringing and the like cannot be suppressed. 

According to the constitution of Fig. 13, the ringing can be eliminated relying upon the cooperation of the input cir- 

30 cuit and the acceleration circuit 377. That is. in Figs. 13 and 14. a change of drop at the node N6 is monitored by the 
input circuit, and the L-logic (level at the node N8) is kept produced from the input circuit until the L-logic of the TTL or 
CMOS level is fixed. The node N8 is also connected to the accelerator circuit 377 and, during this period, the transistor 
376 of the low power source Vsg side is turned on between the two transistors of the accelerator circuit 377. Therefore, 
the data line outside the chip connected to the I/O terminal DO is double-driven by the two transistors 370 and 376. so 

35 that the potential drop at the node N6 is promoted. When the level at the node N6 is fixed to the L-logIc (i.e.. becomes 
smaller than Vrep) after the passage of a predetermined period of time, the H-logic is output from the input circuit, and 
the transistor 376 of the accelerator circuit 377 is turned off. 

Therefore, the data line outside the chip connected to the I/O terminal DQ is single-driven by one output transistor 
370: i.e.. the potential change at the node N6 becomes mild, and waveform distortions such as ringing and the like are 

40 avoided. 

Fig. 15 is a diagram of voltage waveforms at each portions of the input circuit This waveform diagram shows the 
condition where the level at the node N6 changes from the L-logic into the H-logic at the second frequency. When the 
level at N6 is in the L-logic region. Q306 is turned on. and the H-logic corresponding to Vcc is output via Q306 and Q303 
(see input waveform of inverter 365A). When the level at the node N6 changes into the H-logic region, Q305 is then 

45 turned on, and the L-logic corresponding to V^g is output via Q305 and Q301 . The logic amplitude at the node N6 and 
the amplitude of input waveform of the inverter 365A are both of tiie TTL level or the CMOS level. 

Here, Fig. 13 may be improved as shown in Rg. 16. This improvement is provided with a NOR gate 380, an inverter 
gate 381 and a NAND gate 382 in order to restrict the data Dqut ^^orr\ being taken in by the output circuit in response 
to a predetermined control signal TSC (tri-state control), and is further provided with a NAND gate 383 which re^ricts 

so the output from the input circuit in response to a predetermined control signal (e.g., signal formed by RAS). This 
improvement makes it possible to reliably avoid the g^eration of undesired input and output signals caused by nois 
and the like. 

Or, the types (P-channel type. N-channel type) of the transistors constituting the differential amplifier circuit 
included in the input/output circuit of Fig. 1 3 or 1 6 may be replaced as shown in Fig. 1 7, wherein symbols Q31 1 , Q31 2 
55 and Q3 15 denote P-channel type MOSFETs. symbols Q313. 031 4. 0316 and 0317 denote N-channel type MOSFETs. 
This constitution makes it possible to obtain the same operation as that of the aforementioned embodiments, and fur- 
ther gives a merit in that the gain of the input differential amplifier stage drops littie even when the reference voltage 
Vref is set to a relatively low voltage (e.g., about 0.8V) since a sufficiently large bias voltage is applied across the gate 
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Or^ Z'Zl^m in Fig 18. a transistor Q308 may be inserted in series with the low-potential side transistor (W05 of 
SI' * ^iS^STnrt n«v he turned on or off in response to a predetermined control signal (e.g.. a signal prepared from 
gte^an^^^^ le input circuit can be cut oH during the standi ^^te to 

si^plel^ thfir^ui^tion o? electric power in addition to avoiding the generation of undesired «,put signals due to 

"°'^Ra" 19 fe anagram illustrating the constitution of a data transfer circuit that includes the aforementioned input cir- 
cuit Tn RQ 19 ref^lce numeral 390 denotes an LSI chip (e.g.. DRAM) which includes an input circuit (see Fig. To 
l^and 3I2 den^^a CPU Data (or which may be.addresses) of bit B1 to bit Bn are input to o^^P^^^^*"^^^^^^^ 

iJ,P Ms of Se data are transferred to the LSI chip 390 and other chips via data lines (a data line 392 for the bit 81 
fs^ep^s^titTy stS^^^^ resistors 396 and 397 are connected be^«een ttje^a On^ ^and a pre- 

nJ^^^^^i^^ no^Lr source line Vtt (power source line having an intermediate potential between and Vss. e.g.. 
t S Sr?S^SSJr(s«^Si S means) 394 and 395 which are tiirned on when a decoding signal DC from a 
;Ic^rTon/o^SnSteliT^S?i^^^^ the high-speed transfer mode (transfer mode of a frequen^; gr^er 
?t^ni?Mh;^°a,S^ar°turned o!f whence decoding signal DC represents the low-speed transfer mode (transfer mode 

^mSdT .li ft. nowsr loss due to the terminal resiaois 396 and 397 is avoided » imptove (»«er elfioencyjliat ». 

^.^^™Zi^ttadM iransto passaga is sultal>ly chanBed depending upon th. instruction from th. CPU 
^d«tS^^nC^SJr^^ da... » » JLed to realiz. a con^nlent and tavojaUe ^ta <raj^=' 
c^i?!rSn be iI?tor bSIl. tlte appnoadon «he.. l.w.»«. '.s plaead on the proc^amg spaed out and the appli- 

"^rr S^oT^la" rSSSn^S^'Sr^n, o, a seh*o...u«x Wa^ed aooord^ to the 

■^•rrssr^^rdS^ss.T^s^S'rSSf'^^de^^^^ 

V33. a second ^»viut> unn ^ co y controls the on/off operaton of these four 

nected in series between Vcc and w^s* a" on/on comroi meauo ^^^^^ kv, a\ imm a circuit 445 in the 

K-otnronoictnfQ dA^^ 443b 4443 and 444b based on a signal (conveniently denoted by A) from a circuit a^o in me 

reference voltage terminal 452. 
[CTT Operation] 

In th. ahrw^ constitution the level of the signal B is determined by a potential relation between the inverted input 
ol the liwter gM 45S in the ontoll contirt i.»a.» 446 assumes th. LJ«* af«l the ouli«it ol Ih. in»^ 
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234 is connected to the high-potential side power source V^c or to the low-potential side power source depending 
upon the selective on/off operations of said four transistors 230a. 230b. 231a and 231b; said semiconductor integrated 
circuit further comprising a mode control means 236 which permits said signal line 234 to be driven by said first PMOS 
transistor 230a or by said first NMOS transistor 230b when a mode designation signal CMOS indicates a first transfer 

5 mode which is used by connecting a terminal resistor 235 between said signal line 234 and a predetermined constant 
voltage Vjt. and permits said signal line 234 to be driven by said second PMOS transistor 231a or by said second 
NMOS transistor 231b when said mode designation signal CMOS indicates a second transfer mode that is used without 
connecting said terminal resistor 235; and wherein on-resistances of said first PMOS transistor 230a and said first 
NMOS transistor 230b are set based upon the §ignal amplitude on the signal line 234 during said first transfer mode 

10 and the value of said terminal resistor 235. and on-reslstances of said second PMOS transistor 231 a and said second 
NMOS transistor 231l>are set based upon the signal amplitude on the signal line 234 during said second transfer mode. 

In the present invention, when the input signal has the first frequency or has the first logic amplitude, the transistor 
of the low-potential side and the transistor of the high-potential side are both turned on at all times, and a differential 
amplification operation is carried out by a pair of differentia! transistors. When the input signal has the second frequency 

IS (which is lower than the first frequency) or has the second logic amplitude (which is greater than the first logic ampli- 
tude), either the transistor of the low-potential side or the transistor of the high-potential side is turned on depending on 
the logic state of the input signal, and the differential amplification operation is not carried out by the pair of differential 
transistors, and the input signal is taken in by the chip without amplified through the transistor of the low-potential side 
which is turned on or through the transistor of the high-potential side. 

20 Thus, there is provided an input circuit which can be adapted to both the high-speed transfer mode and the low- 
power mode (data transfer mode of a low speed maintaining a large amplitude). 

When the high-speed transfer mode is requested in the data transfer circuit of the present invention, the terminal 
resistor is connected and when the low-power mode is requested, the terminal resistor is cut off making it possble to 
avoid power loss by the terminal resistor during the low-power mode. 

25 According to the present invention, furthermore, the same chip can be used either for the high-speed transfer mode 
or for the low-power mode. This is done sinrply by using or not using the terminal resistor. Therefore, the manufacturer 
needs not prepare different kinds of chips for high-speed use and low-power use: i.e.. the chips can be cheaply sup- 
plied. The user, on the other hand, is permitted to use the same part (semiconductor integrated drcuit to which the 
present invention is applied) either for high-speed purpose or low-power purpose depending upon the applications and 

30 is allowed to reduce the amount of stock. That is. the invention not only makes it possible to electrically connect or dis- 
connect the terminal resistor but also contributes to deaeasing the cost of the part. 

In Fig. 6. symbol RoN(230a) denotes on-resistance of the first PMOS transistor 230a. RoN(230b) denotes on- 
resistance of the first NMOS transistor 230b. Ron(231) denotes on-resistance of the second PMOS transistor 231a. 
RoN(231b) denotes on-resistance of the second NMOS transistor 231b. and Rl represents the terminal resistor 235.' 

35 RoN(230a) and RoN(230b) are. respectively, about 70 [O] when the first PMOS transistor 230a and the first NMOS tran- 
sistor 230b have a size of L = 1 fim and W «= 200 »im. and RoN(231a) and RoN(231b) are. respectively, about 15 [n] 
when the second PMOS transistor 231a and the second NMOS transistor 231b have a size of L = 1 >im and W = 1000 
Jim. 

Now. when used in the signal transfer mode (first transfer mode) of a very small amplitude, the terminal voltage V-n- 
40 is set to 1 ,5V and Rl is set to 25a From the equation (1) mentioned earlier, therefore, a desired signal amplitude (e.g., 
0.4V) of the transfer mode is obtained on the signal line 234 which Is connected to V^c or via RoN(230a) or 
RoN(230b). 

When used in the signal transfer mode (second transfer mode) of a large amplitude, on the other hand, the signal 
234 is connected to V^c or Vgs via Ron(231 a) or Ron(231 b) which is comparable to that of a general CMOS output tren- 
ds sistor. Therefore, a sufficiently large driving power is guaranteed to obtain a desired signal amplitude (e.g., about 3V) 
of the transfer mode on the signal line 234. 

In the second transfer mode, it is desired that RoN(230a). RoN(231a). RoN(230b) and RoN(231b) are used in par- 
allel. This enables the internal resistance to be further decreased and, hence, the driving power to be further increased. 

Figs. 7 to 19 are diagrams illustrating an input circuit and a data transfer circuit which includes the input drcuit 
so according to an embodiment of the present invention. 

As shown in Fig. 7. the input drcuit according to this embodiment includes a differential amplifier unit (AMP) 360 
which outputs an input signal V,n after having amplified it and switching elements (SW^ . SWg) 361 and 362 inserted in 
the power source feeding passage of the differential amplifier unit 360, The on/off operations of the switching elements 
361 and 362 are controlled depending upon the frequency or the anplitude of the input signal V,n. 
ss . Fig. 8 is a diagram illustrating the whole constitution of the input circuit that includes control drcuits 363 and 364. 
The differential amplifier unit 360 comprises a transistor Q301 which receives the input signal Vug through the gate 
thereof, a transistor Q302 which receives through the gate thereof a reference voltage Vref that has nearly an interme- 
diate potential (+1 .65V) between the high-potential side power source Vcc (+3.3V) and the low-potential side power 
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_ /,^-,»i«»Hc^r«(M and Q304 Of a ajrrertirtrrorconstitirtion connected to the dram 
source V3, (OV). transistors ^« '^f'f^^^S^f^^^ side transistor Q305 that corresponds to 

of the pair of d^^^-^^' 2'^^°'^ S^^een t^ ow^SenS side po«er source V^, and Q301 . Q302. and 

the switching element 362 of !^'9 J '"^^i'!,^^^"^^^^^^^ the switching element 361 of F.g. 7 inserted between 
high-potential side transistors Q306 and C©07 tti^ ^g^S^Je reference numeral 365 denotes an inverter gate which 
the high-polentialside po^^jource l<^^^;^^^^,^-Zo20Z and outputs it into the chip. 

rr.rrrrof-osrrjSf^"-i 

WMn V„ < V„EB mere Holds 10301 x " <;^^^l,'r';f?^S, , „ , 10302 x 1 . «nefelv «.e pMenlial « 

me ^,<»*J- "«r 0. me oulput V„„ ,e *ven me 

Nalsdra«nK»«arim.v„8iaeandtl»Hlo^ 

°'=Ers^°=S3£my,e''^.u"^-««e,«^ 

and second control voftage-generaBng "^J^"*"^^^^^^ using resistor R301 and capacitor C301 
That is. the control circuit 363(364) <»"f^^^ P^I^^J^^^eT^ TeZd from the V„ side when V„ 

(resistor R302 and capacitor C302). and renders fnd r7nS^ ^ impedance to be capadtive when 

has a frequency (first frequency) ^'^^'^■^i^'^^ Sa^fe S ^TaZe relationship between the fre- 
V„ has a frequency (second ^"^^"^ ^30^^ C301 (R302 and C302). The word resistive 

quency and the impedance can be set by f ^l^^]^^™"^*" "ll-dance is sutticiently greater than the line imped- 
Sieans that the real component of a complex ^^^^l^^^^^^^Z^^^^ to be greater than 

ance (usually, son). Concretely spealong^^^ 
soon at an operation frequency (1 00 MHz)m the C^^ 

|=or instance, if R301 - R302 = 1 '^^J'^^f^'L^^ performance on the TTL level, can be set 

circuit of the high-potential sKle where problem anses m rega« to o o p p and C302 can 

to be 1 Kn X 0.065 PF x 2 = 0.13 ns which is ^f^^^^ll^'^^^^a separately providing the capacitors, 
be obtained by utilizing the gate capacitances °< f?^^.*' ^^^^^^^^ Stt^tion cir^it For instance, it may 

Moreover, the control circurt 363(364) is never ''-"rt^*" ^^^^'"/^"^^^^ capacitances of Q305 to Q307. 

be an LC integration drcurt which '^'^^f .^^^npon^^^^^^^^ Ss example. Q301 and Q302 

Fig. 9 is a diagram illustrating a preferred W/L of the transistors ucu i 

bave tSe same size, and Q303 to Q307 have ^^I^^^L^-- Se^'ut impedance becomes 

In this constitution, when V,n has a frequency ^^^f^^^f^J^^^l^e^s^' Q30S and of the high-potential 
resistive as viewed fromViH. i.e.. theinputimp^anc^^^ 

So^rlTeq^rr^^^^^^^ 
- -ordi...eope^i^^^ 

difference between V,n and ^ref's taken om trom i amplitude as shown in Fig. 10. Here. Vout(inv) b 

or CMOS level is obtained from the input signal (V,n) of a very sman amp lu 

'^^rvrreTe^issT^'^^r^^^ 
:;r::2':,Ter;i^^r;r^<^n^^^^^ 

tude signal transfer operation). . ^ u ^r^n\^ m-iooic of the TTL or CMOS level since V,n 

UrJier the inhibited condition, when V,. ^'"^^Ji^of^,^^^^^ Vout is pulled down to 

has the second frequency). Q30S is turned on. f '^/'If^J^^L^S^Sf j^^^^^^ oH Q306 and Q307 are turned on. 
V via 0305 and O301 . Or. conversely when V,n has the L-toQ*. Q305 is turneo on. 

a^ the potential Vout is PuMed up to «a Q3<J^3°J ^ ofS TTL or CMOS level (large amplitude) can be formed 
AsshawninF.g.11».erefore.fromJ^^^^^ 
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Therefore, the signal B changes into the H-level at a moment when the potential of the non-inverted input (+) of the 
differential amplifier 104 becomes lower than the potential of the inverted input (-) by II x Rl. 

Here, the potential at the inpirt/oulput terminal 117 changes along a curve of time constant determined by the 
capacitance of the signal line 118. etc.. and hence the signal B changes after a time that corresponds to the above time 
constant has passed from the change in the level of the signal A. 

Therefore, when the signal A changes from L into H. the drive cunent +Il f tows through the two PMOS transistors 
11 5a and 1 1 6a (or. in other words, through a low resistance) until the signal B changes into the L-level. After the signal 
B has tfiangaJ into the Uevel. the drive current +Il flows through the first PMOS transistor 1 16a only (or in other 
words, through a high resistance). The same happens even when the signal A changes from H into L That is the drive 
current-lL flows through the two NMOS transistors 115b and 1 16b until the signal B changes into the H-level and then 
flows through the first NMOS transistor 1 16b only after the signal B has changed into the H-level 

It IS therefore possible to ftow a large drive current in the former half period of output change, to ftow a small drive 
current in the latter half period, to quicken the change of the output signal, and to avoid the occurrence of ringing and 
over^ooting in the output signals. 

By producing the tri-state control signal TSC of the H-level. the outputs of the inverter gate 109 and NAND gate 1 12 
can be fixed to the H-lwel. and the outputs of the NOR gate 1 14 and the inverter gate 110 can be fixed to the L-level 
inespective of the states of the signals A and B. and the four MOS transistors 11 5a. 11 5b, 1 16a and 1 16b in the two 
stages of CMOS units 115 and 116 can be all turned off. 

20 [CTT/GTL Interfoce] 

Fig. 3 illustrates a chip mounting a transceiver for both CTT and GTL Here, the circuit elements common to thos 
of Fig. 2 are denoted by the same reference numerals. This transceiver operates with a CTT interlace when the signal 
QTi^ IS rendered to assume the H level and operates with a GTL interface when the signal GTL is rendered to assume 
25 the L level. 

When the signal GTL H-level (CTT mode), the outputs of the AND gates 130. 131 . NOR gate 132 and inverter gate 
133 have a logic opposite to the signal A. When the signal A has the H-level. therefore, the PMOS transistors 1 15a and 
1 16a are turned on and when the signal A has the L-level. the NMOS transistors 1 15b and 116b are turned on and the 
input^output terminal 1 17 is driven with Vcc or V^. Then, as the logic of the input/output terminal 1 17 is fixed to the H- 
Iwel or the L-level. the logic of the signal B from the input buffer 136 which includes differential amplifier circuit 104 
inverter gate 134 and NOR gate 1 35. becomes opposite to the logic of the input/output tenninal 1 1 7. whereby the out- 
put logics of the AND gate 131 and the NOR gate 132 in the output buffer 137 are inverted causing the second PMOS 
transistor 1 1 5a or the second NMOS transistor 1 1 5b to be turned off. 

When the signal GTL has the L-level (GTL mode), on the other hand, the output (i.e.. signal B) of the NOR gate 135 
of the input buffer 136 is fixed to the L-level. and the outputs of the AND gates 130 and 131 in the output buffer 137 are 
fixedtothe H-level. Therefore, the NMOS transistors 11 5b and 11 6b only are turned on or off depending upon the state 
of the signal A. and the output buffer 137 operates with its drain open. 

An NMOS transistor 138 and a resistor 139 added to the inverter gate 133 of the output buffer 137 are to retard the 
cut-off of the first NMOS transistor 1 16b in the GTL mode in order to avoid a sudden snap-off of the output signal. 

The first prior art (Fig. 1 ) in which the pull-up resistor is connected to the data line 32 and the differential aiYmlif ier 
circuit IS provided in the initial input stage of the chip 2. was effective for transferring the data at high speeds in excess 
of 50 MHz but was not suited for the applications where importance is given to the electric power efficiency rather than 
to the high-speed operatioa 
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In the case of, for example, a note-type personal computer and EWS which are powered on a battery, efforts hav 
been made to use the battery as tong as possible by decreasing the speed of clocks of the CPU (i.e.. by decreasing the 
frequency of the transferred data) resulting, however, in the wasteful consumption of electric power by the pull-up resis- 
tor and by the differential amplifier. Besides, since the numbers of puH-up resistors and differential anvlif iers vary in pro- 
portion to the number of bits of the transferred data, the electric power as a whole is consumed to a degree which Is no 
more negligible. 



According to the first prior art in which the transferred data are input to the NOR gate 33. furthermore the thresh- 
old value- of the NOR gate for discriminating the high or low level of the input voltage is subject to change being affected 
by the fabrication conditions or due to the ground potential that floats being caused by a current during the operation 
(see the constitution of NOR gate 33 in Fig. 4). 

The second prior art (Rg. 2 or 3) could be adapted to the signal interface of a very small amplitude (several hun- 
dreds of mV) such as of CTT or GTL When the second prior art was adapted to the signal interface (e.g.. CMOS or 
TTL) of a large amplitude in excess of IV. however, such problems aroused as large distortion in the outout signal or 
delay in the change of the oufout signal. f ^ 

By removing the terminal resistors 1 19 and 120 from Rg. 2 or 3, the logic amplitude on the signal line 1 18 can be 
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increased nearly to the full amplitude of the power source so as to be used for the signal irterface of large amplitude 
accompanied, however, by the foUowing inconvenience. . , ♦ 

If the logic amplitude on the signal line 118 is 0.4V. then the internal resistance (on resistance Rqn) of the t,rst 
PMOsJilSorTeaandthefi^ 
5 the following equation (1), 

0.4/(1.5-0.4)=25/RoN 

where 1 .5 represents the potential (V^) of Vtt and 25 represents the parallel resultant value of the terminal resistors 

SStlme above equation (1). Ron becomes 68.75 ohms. In order to obtain this internal resistance, the^zes of the 
first P^S^raSs^orlieaanithel^NMOStransistorlieb must be a^^^^^ 
aS23ewidthW= 100 ^m^ However, this Size IS consW 

SSTe gT= 100 jmTw = 1000 ^m). and the driving power is apparenUy insufficient when rt .s used as an output 

" nrcLirdrMnrpT Z s?s:^Xefore. it . n. pc^s^e to suppress the wave r^.ect«; by the ind^jance 
componTnt of the signal line, and to eliminate distortion in the output signal AccordingV. « .s ncrt ^-f"^^'-^^ 
Charge or di^harge a large capadtive load (about 100 PF) of the TTL level. Aocorf.ngly. the change of the out 
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30 



out signal becomes loose, and changing time is lengthened. u inwon«nn 

In o«ler to accomplish the aforementioned first object, the semiconductor integrated crcurt o the P eserrt mvenjwi 
comprises a switching means wWch controls the supply of power-source voltage to a ^^^^'J^^''^^^^^^ 
re^Ses input signals and a control means which selectively turns said swrtching means on and off depending upon 

^'^rssfto^ii^rST^::^^^^^^^ 

coa^^Tt^r ofSferentia. transistors which apply to one control electrode an -P"* -9-' ^,1^. 
frpnuencv or irttti a second frequency lower than said first frequency and apply to the other contrql electrode a reter 
eSe vSge S i^onSSLl^to an intermediate value of the logic amplitude of said '"P"* ^9[«'=_^ 
S^fol-XS^SedS^sed between s^ 

a JSSor of the high^tential side disposed between said differential transistors and an ^<=^''^ 
aiSS and a power«)urce of the high^tential sW^ 
S^lte^eXJrenders both said low^ential side tiansis^ 

rJl?en^Sl iiSiS^rSTs neaV said first frequency: and a second control voltage-generating means for gen- 

eratn?rcSl?lS^iSh r^^^^^ 

dS d^ending ufSn the logic state of said input signal when the frequency of said input signal is near saKl second 
^''^in^ertoaccomplishtheaforementlonedfirstobiect.thesemicondurt^^^^ 

comprises: a pair ofTrtferential transistors which apply to one control electrode an 7f^='9'«' S^S^e a 
ampStude or a second logic amplitude greater than said first togic amplitude and apply to the 
SSce ^Itage that conesponds nearly to an intermediate value of the logic amplitude of said '"P"^^9"^- 
w «f mlTiZ^e^^^ side ^osed between said pair of differential transistors and a power source of the low-potential 

The active load and a power source of the high-potential side: and wherein said input signal IS appli^ 

trades of said low-potential side transistor and of said high-potential side transistor. 

t ord^ to^mplish the aforementioned f irst object, the data transfer circuit of the present "'"^'^ 
a transmission line for'^^nsmitting input signals; a voltage source for generating a 

an intermediate value of the logic amplitude of said input signal: a terminal resistor which is connected "etwewi sa^ 
tranS^nterdthevdtagesouTeviaapredetermined^^^^^^ 

said switching means on when the frequency of said input signal corresponds to ^'^J*^^'^ ^ 
switching means off wrtien the frequency of said input signal corresponds to said second frequency. 

* oi^^Tc^mplish the aSementioned second object, the semiconductor integrated arcurt of t^epreserrt ..^en- 
tion S.mpr1ses. as In a diagram of the principle thereof of F.g. 5: a first PMOS ^-J^^;;^""^^^ ^-^'^'^^ 
transistor 230b connected in series between a high-potential side power source and a low-potental pcwer 
S^rS V rsSndPMOS transistor 231a and a second NMOS transistor 231b connected in senes between ^rf 
wnh^erti^l IS^Mwer source vTand said low-potential side power source and an on/off control means 233 
TcJlSStel?u^iirtort,a^^^^ 230b. 231a and 231b on and oH depending Lpon a signal logic from 

rcJcu^S^ in ilThl!^e^^^ P200 at which said first PMOS transistor 230a and said first NMOS transi^or 

2£b a e SnnicteS tS«^^^ and a point P~ i at which said second PMOS transistor 231a and said second NMOS 
SSiSTr STbl^e connected together, are both connected to a signal line 234 outside the chip, and said signal line 
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Fig. 39 Is a timing chart of signals of the third embodiment; 
Fig. 40 is a diagram of input and output waveforms of the third embodiment; 
Fig. 41 is a diagram of constitution of a fourth embodiment; 
Fig. 42 is a diagram of input and output waveforms of the fourth embodiment; 
Fig. 43 is a diagram illustrating a conventional constitution of a CTT system; 
Fig. 44 is a time chart of the circuit of Fig. 43; 

Fig. 45 is a diagram illustrating a conventional constitution of a tri-state CTT system; 
Fig. 46 is a diagram illustrating a conventional constitution of a GTL system; 
Fig. 47 is a diagram illustrating the prlndple^nd constitution of a fifth aspect of the present invention 
Fig. 48 is a diagram of constitution of an embodiment; 
Fig. 49 is a time chart of the embodiment; 

Fig. 50 is a diagram schematically showing a testing device to which the embodiment is adapted; 
Fig. 51 Is a diagram showing a concrete constitution of the embodiment; 
Rg. 52 is a diagram showving anotiier concrete constitution of the embodiment; 

Fig. 53 is a diagram illustrating the constitution Including a circuit for automatically forming a signal GTL of the 
embodiment; 

Fig. 54 is a diagram of a conventional constitution of a CTT interface; 
Fig. 55 is a diagram of a conventional constitution of a CMOS interface; 

Fig. 56 is a diagram Illustrating the principle and constitution of a sixth aspect of the present invention; 
so Fig. 57 is a diagram illusti-ating tiie constitution of the embodiment; 

Fig. 58 is a diagram illustrating another constitution of the embodiment; 

Fig. 59 is a diagram of preferred arrangement of a selection means of the embodiment; 

Fig. 60 is a diagram which schematically illustrates the effect of a change in the power source; 

Fig. 61 is a diagram Illustrating the constitution of major portions of another embodiment; 
25 Fig. 62 is a diagram illusti-ating an example to which a conventional output circuit is adapted; 

Fig. 63 is a circuit diagram Illustrating the constitution of a first embodiment of a seventh aspect of the present 

invention; 

Fig. 64 is a circuit diagram illustrating a constitution of a power source circuit in Fig. 63; 
Fig. 65 is a diagram of operation waveforms of the circuit of Fig. 63; 
30 Fig. 66 is a circuit diagram illustrating the constitution of a second embodiment; 

Fig. 67 is a circuit diagram illusfrating the constitution of a power source circuit In Fig. 66. 

Fig. 68 is a diagram of operation waveforms of the circuit of Fig. 66; 

Fig. 69 is a circuit diagram illusfrating the constitution of a third embodiment; 

Fig. 70 is a circuit diagram illusfrating the constitution of a power source circuit for a reference voltage in Fig. 69; 
55 Fig. 71 is a diagram of operation wavefomris of the circuit of Fig. 69; 

Fig. 72 is a circuit diagram illusfrating the constitution of a fourth embodiment; 

Fig. 73 is a circuit diagram illustrating the constitution of an output level control circuit in Fig. 72; and 

Fig. 74 is a diagram of operation waveffomis of the circuit of Fig. 73. 
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First, fbr a better understanding of the prefenred embodiments, the related prior art will be explained with reference 
to Figs. 1 to 4. 

Fig. 1 is a diagram Illustrating the constitution of a conventional data fransfer circuit. Here, although not specifically 
limited, described below is a semiconductor memory. In Fig. 1, reference numeral 1 denotes an LSI chip (hereinafter 
referred to as an output chip) of the side of outputting the data, and 2 denotes an LSI chip (hereinafter referred to as an 
input chip) of the side of inputting tiie data. Data D formed inside the output chip 1 is transferred to an output circuit 18 
passing through an inverting passage A which consists of an inverter gate 1 1. a NOR gate 12. an inverter gate 13 and 
a transistor 14 and ttirough a non-inverting passage B which consists of a NOR gate 15. an inverter gate 16 and a tran- 
sistor 1 7. The output circuit 1 8 comprises an inverting drive unit 23 made up of transistors 1 9 to 22. a non-inverting drive 
unit 28 made up of fransistors 24 to 27. and an output unit 31 made up of two transistors 29 and 30 that operate in a 
push-pull manner in response to the outputs from the above drive units, and opens the fransistor 29 in tiie output unit 
31 so that a data line 32 is driven with a potential V^c (e.g. . +3.3 V) when the data D has a logic "1 i.e.. the H-logic and 
opens the fransistor 30 in the output unit 31 so that the data line 32 is driven with a potential (e g +0\A when the 
data D has a logic "0", i.e.. the L-logic. " 

Here, when an HiZ confrol signal is rendered to assume the L-logic. ttie two fransistors 29 and 30 of the output unit 
31 can be turned off togetiier in'espective of tiie logic of ttie data D and. hence, the output can be opened to establish 
the high-impedance state. This is a function that is required when ttie data line 32 is to be used as a bus line. 

A potential change on the data line 32. i.e.. a transfer data Dt is taken in by the Input chip 2 through an Input terminal 
Pi and is fransferred to a latch circuit 35 via a NOR gate 33 and a buffer circuit 34 when a predetermined control signal 
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cuit made up of Bansislors 36 and 37. f ,™ ^'^ ^ a« are turned oil when the same 

nal (e.9. , a signal *tain^ i™n oil, the lat«h cltcui. 3S is 

TilVnT^^S^i" pTr^lf lo^e^ utiS^^-^ o.U«Kn,ca.s«.b,noiseand,ha«,». 

,«l».acho.lh, portions in the chip via. tor e«n^^^ers«^ 

,„ the ^f^^ "S^^iiT u°'p^St1,C^SVlou*ni SO M*. In3er ,0 rea«ze 

LSI Chip IS TTLWiO-Kled Vc= -^av-"^"" - "^"^^i^to en^. to, «<ample. the STL system In which the 
th. high-speed Iransler " ^c^"" » ""^.".TSTTSio-. In«de, to convert me signal ol a small amplitude 

r:^:si"e';^9T'.»'^5Ksr««p2a,ah^hsp^..^^ 

amplitude of smaller than 1 V is produced the tenii.r«l res^tor by a ^nve cu ^aracterislic irrped- 



20 speed. 



[CTT Interface] 

25 tion. Constitution of the transceiver mounted °" *ie.'^*\'Pj°\*'^' "^^^^ and an inverter gate 105. and 

erence numeral 103 denotes an input f^^^'^Z^ZlT^^^^Ol to 110 NAnD ^1 11 and 1 12. 
reference numer^ 106 denotes an output buffer v^ichindu^ 

NOR gates 1 13 and 1 14. as well as two stages of ^MpS ou^ unrts 1 15^^ PMbs ^anslstor) 1 15a and an N-chan- 
ing stage has a P-channel MOS t«ns.stor (•^^^^'^f^^f^'^^^^^^ connected in a push^ll 

30 nel MOS transistor (hereinafter referred to as a se»nd "^MOS transistor i i^^^^^ ^^^^ 
manner between the high-potential side pwer source Vcc(e_g^^V^^^^^ 
Similarly, the CMOS unit 116 of the succeed.ng stage ^^.J ^1*^;"^ J^^^^ 

PMOS transistor) 1 16a and an N-channel MOStransistoryeremafte^r^^^^ >^ 
are connected in a push-pull manner between ttie Vcc f^^l^ }^^'^'^ side o" t^eTminal resistore 1 19. 120. refer- 
put terminal that is connected to a signal line 1 18 and ° side of the terminal 

ence numeral 121 denotes a reference PO«e^-«»f « V 1 SJ^L^d^ -V T and vTc is -^3V). reference numeral 
resistors 1 19. 120 and to a pull-up power source Vrr (+1 -5V P™^!i«L^^ ^ich W to be output to the 

122 denotes any internal circuit that forms a signal ^"'^f 'l^^^^ ^t^a S-S^w^ch receiJ2s an out- 

outside Of the chip via the output buffer 1 06. ^e^e'®"'^* ""'"^'^'J^t f n^^^ a tri-state control 

put Signal (conveniently deno^ by synr^^^^^ ,g„al B is 

signal (tri-state designation mode under the '^"""^""^^^^^^ non-inverted input (+) of the differential 

determined by a potential relationsHp between inverted -np^ (-) ^^^1^^""^^ ^^^^U the L-level when 

ampimer 104. That is. ^^^^^ °^ 

the potential of the non-inverted input (+) exceeds +i.ov ana assumes u 

inverted input (+) is smaller than +1 .5V. L-level) under the condition where the 

.j^hrrrs'iS^ht^-reir^T^^^r-^^^ 

S-r^etS^Srirf^TrarrtTed^^ in ad^o. V. . PMOS 

transistors I15a(116a) -.Wrtnal resfewi 119^^ 

d«.:r,L^r Sr:rh,7e™ ^.:=^.he ... ^ . ^ <^ <.en«es a pa.,1. 

B has the L-level. on the other hand, the outputs ° *® of CMOS unrts 115 

r,^°n=r:e;'s^s".:s:^'^'=.^^^^ 

-> NMOS transistors 1 1 5b(1 1 6b) Vss- 
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According to a fourth aspect of the present invention, there is provided a semiconductor integrated circuit comoris- 
ing: a pair of differential transistois which apply to one control electrode an input signal which has a f iS iS ImZ j,l 

voltage that corresponds nearly to an intermediate value of the logic amplitude of said input signal- a terelstor of tS! 
ow-potent.al side di^^^^ between said pair of differential translators ^ a powersourTe of SelL^^^^^^^^^^ 

S^l^r H ^« ''^^ ^ differentia' transits and an active iSTd o?bel^een t;,e 

acdve load and a power source of the high-potential side; and wherein said input signal is applied to the c^Sel« 
trodes of said low-potential side transistor and of said high-potential side transistor «PP lo ine control eiec 

According to a fifth aspect of the present invention, there is provided a semiconductor integrated circuit comprising- 
a transmi^ion line for transmrtting input signals: a voltage source for generating a voltage ttet corresponds neaX to 
an intermediate value of the logic amplitude of said input signal; a terminal resistor whi* is coSe«^S^b2.een s Jd 
^jnsm,ss,onl,neandthevoltagesourceviaapredetermined^^^^^ 

^tTn^^l^Lrrr ''^^""^ °' ^S"^' ^^^e^ponds to said first frequenc^^tms sS 

s«"t^ing means off When the frequency of said input Signal corresponds to said second freque^^^ lu ns saia 

inn ! P'^®"* P'""^^ a semiconductor integrated circuit compris- 

Z a S ^ ""^^^ transistor connected in series between a high-pote?tial sidep^e3ce 

and a low-potential side power source: a second PMOS transistor and a second NMOS transistor connected in series 
wSrrl?.'^*'^'?,'''^^ "^'"^ tow^tential side power source: and an oSiSSo, m^^s 

T^r^iTf^^'^"^ ^J^I^IT"^""^ °" ^ °" "^^"^ ^ fr<«" « «r~» the Chip: wherein 

a point at whidn said first PMOS transistor and said first NMOS transistor are connected together and a point at which 

nne ou^Sr ^ transistor and said second NMOS transistor are connected together, are both connect^ a ^gS 
nne outs.de the chip^ and sa.d signal Ime .s connected to the high-potential side power source or to the low-potential 

^^^r'r """^"^'"^ *«"«'«tors: said semlconduS^me- 

grated circuit further comprising a mode control means which perniHs said signal line to be driven by said first PMOS 

r^nr^J^'/t-?J^^'^*r°i "^"^^ """" ' ^^^'9"^'°" "^^'^ - transfer m^^whict is ui^ 
SiTnTST- K ^"^ ^ Predetemiined constant voltage, and permits said sig- 

Snlr *° ^^Z^-^^" f!'d ^e^"^ PMOS transistor or by said second NMOS transistor when iaid rtKKle deJgnafon 

S Of tSf ^PMnS ""^""J' "^^ "^"^ ^e^^a" ^e^^tor: and wherein on^reS 

ances of said irst PMOS transetor and said first NMOS transistor are set based upon the signal amplitude on the signal 
me during said rst transfer mode and the value of said terminal resistor, and^-resistances o7?a d seSn^PMSs 

nri«ii?H'!!f?"^*°.! °* ^''^ P'^®"* P^°^'*^«* a semiconductor integrated circuit com- 

!nH f T^ V^ * "'3"^' «"^e«P«^'"9 to a deference between an input signal of a very small 

anplrtude and a reference potential that corresponds to an Intermediate amplitude of said signal, said differential tran- 
sistors having different threshold values. ameremiai iran 

enui^n^'SJn ^'"^^ « Semiconductor integrated circuit 

Sh'SSSd "^"^ ""^"^"9= « f "^OS transistor and an NMOS transistor connected in series between a 
high-potential s de power source and a low-potential side power source: an ou^ 

^^^r^T^^^ are connected together: a first means for push-pull operating said PMOS transistor and said NMOS 
ttansistor according to the logic of a signal that is to be output; and a second means for cutting said PMOS transistor 
off in response to a predetermined level designation signal. v^-o uanwsior 

inc Slln«I?n»?'"!L^!['^ °* ^^"^ "L^^"* P^*^"** « semiconductor integrated circuit compris- 

crfmfnf rrr?ol-^ 1 J. T^*^. °* ^ ^'9"=' ^ predetemiined reference potential to dis- 

« rn!! said input signal: a selection means which selects either a first reference potential given from 

t^^^ ^ " Vl""** P^*^"*^' ''^ « potential-generating means in the chip; and an 

instruction means which instructs said selection means to select said first reference potential when saidflrstTeference 
potential is given, and which instructs said selection means to select said second reference potential when said first ref- 
erence potential is not given. 

According to a tenth aspect of the present invention, there is provided a semiconductor integrated circuit compris- 
ing^a logic gate which compares an input signal with a predetermined input threshold value to discriminate the logic of 
from Sn^tK ^.''f^^^"*'^' ?^te which compares the potential of the input signal with a reference potential given 
rom ouls.de the diip to dscnminate the logic of said input signal: a selection means which selects either the output of 

rJeStl,?«rL^fH°'S^ "'f f ^ '"^'^ "^"^ '"^''^^ ^i** se'e^ion means to 

to«f»^ »h^l l i drfferental gate when said reference potential is given, and which instructs said selection means 
to«elect the output of said logic gate when said reference potential is not given 

According to an eleventh aspect of the present invention, there is provided a semiconductor integrated drcuit com- 
pnsing: an oulput circuit which outputs a first output voltage that specifies an "H" level and a second output voltage that 
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specifies an "L" level with respect to a predetermined reference voltage; and a control means wfiich controls said first 
and second output voltages of under substantially no-load state to, respectively, possess predetermined voltage levels 
of absolute values which is smaller than the absolute value of the voltage which con-esponds to the power-source volt- 
age. 

Other objects and features of the present invention will be described hereinafter in detail by way of prefenred 
embodiments with reference to the accompanying drawings, in which: 

Rg. 1 is a diagram illustrating the constitution of an input/output circuit according to a first prior art; 

Fig. 2 is a diagram illustrating the constitution oi a CTT circuit according to a second prior art; 

Fig. 3 is a diagram illustrating the constitution of a CTT/GTL circuit according to the second prior art; 

Rg. 4 is a diagram illustrating the constitution of a NOR gate which is arranged in the first stage in the input chip of 

Fig. 1; 

Fig. 5 Is a diagram illustrating the principle and constitution of a first aspect of the present invention; 
Rg. 6 is a diagram illustrating the operation of the first aspect of the present invention; 

Rg. 7 is a diagram illustrating the principle and constitution of an embodiment of a second aspect of the present 
invention; 

Rg. 8 is a diagram illustrating the constitution of an input circuit of the embodiment of the second aspect of the 
present invention; 

Rg. 9 is a diagram illustrating preferred transistor sizes in the input circuit of the embodiment of the second aspect 
of the present invention; 

Rg. 10 is a diagram of waveforms of when a signal having a very small amplitude is input to the input circuit of the 
embodiment of the second aspect of the present invention; 

Rg. 1 1 is a diagram of waveforms of when a signal of a large amplitude is input to the input circuit of the embodi- 
ment of the second aspect of the present invention; 

Rg. 1 2 is a diagram of threshold values Vth305 and Vth306 for the logic anrtplitude of the input signal in the embod- 
iment of the second aspect of the present invention; 

Rg. 13 is a diagram illustrating the constitution of an input/output circuit inclusive of the input circuit of the enrtood- 
iment of the second aspect of the present invention; 

Rg. 1 4 is a diagram of operation waveforms of the input/output circuit of Fig. 1 3; 

Rg. 15 is a diagram of operation waveforms of the input circuit included in the input/output circuit of Rg. 13; 
Rg. 16 is a diagram illustrating the constitution of a preferred improvement of the input/output circuit of Rg. 13; 
Rg. 17 is a diagram illustrating another constitution of a differential amplifier circuit included in the input/output cir- 
cuit of Fig. 13 or 16; 

Rg. 18 is a diagram illustrating the constitution of another prefen^ed improvement of the inpuVoutput circuit of Fig. 
13; 

Rg. 19 is a diagram illustrating the constitution of a data transfer circuit which includes the input circuit of the 
embodiment of the second aspect of the present invention; 

Rg. 20 is a diagram illustrating the constitution of a first embodiment of the first aspect of the present invention; 
Rg. 21 is a time chart of the first embodiment of the first aspect of the present invention; 
Rg. 22 is a diagram of a circuit for automatically forming a mode designation signal CMOS in the first aspect of the 
present invention; 

Rg. 23 is a diagram illustrating the constitution of a second embodiment of the first aspect of the present invention; 

Rg. 24 is a time chart of the second entbodiment of the first aspect of the present invention; 

Rg. 25 IS a diagram illustrating the constitution of a third embodiment of the first aspect of the present invention; 

Rg. 26 is a time chart of the third embodiment of the first aspect of the present invention; 

Rg. 27 is a diagram illustrating the principle and constitution of a third aspect of the present invention; 

Rg. 28 is a diagram illustrating the constitution of a mode judging circuit; 

Rg. 29 is a diagram illustrating the constitution of a constant voltage-generating circuit; 

Fig. 30 is a diagram of a waveform of an output signal of the mode judging circuit; 

Rg. 31 is a diagram illustrating the whole constitution of a semiconductor menrory of a first embodiment of the thiid 
aspect of the present invention; 

Rg. 32 is a diagram illustrating the constitution of an input/output circuit of the third aspect of the present invention; 
Rg. 33 is a diagram illustrating the whole constitution of a data transfer circuit; 
Rg. 34 is a diagram illustrating the constitution of a conventional input circuit; 

Rg. 35 is a diagram illustrating the constitution of a first embodiment of a fourth aspect of the present invention; 

Rg. 36 is a diagram illustrating the constitution of a second embodiment; 

Rg. 37 is a diagram of input and output characteristics of the second embodiment; 

Rg. 38 is a diagram illustrating the constitution of a third embodiment; 
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Description 

The present invention relates to a semiconductor integrated circuit (LSI). More particularly, the invention relates to 
a semiconductor integrated circuit equipped with an input circuit or an output circuit adapted to an interchip input/output 

5 interface on a board mounting a plurality of LSI chips, and particularly equipped with an input circuit that can be adapted 
to both the data that operate with high-frequency docks (e.g.. 50 MHz or higher) (hereinafter referred to as high-speed 
data) and the data that operate with low-frequency clocks (e.g.. 50 MHz or lower)(hereinafter refen^ed to as low-speed 
data) or equipped with an output circuit that outputs very small-amplitude signals of the CTT (center tapped termination) 
level or the GTL (gunning transceiver logic) level. * 

10 So far. the TTL or CMOS level, or the LVTTL (interface specification for 3.3 volt power supply standardized in com- 
pliance with JEDEC) has generaUy been used as the input/output levd of the LSIs. With respect to these levels, how- 
ever, the device is much affected by the reflection of signals or by the crosstalk as the frequency of the transfer data 
exceeds 50 MHz. and it becomes difficult to normally transfer the data since the waveforms are distorted by ringing and 
the like. Attention therefore has been given to input/output interfaces (CTT. GTL, rambus channel, etc.) of small ampli- 

15 tudes that suf^ress the amplitude off the transfer data to be smaller than 1 volt (about ±300 to ±500 Mv). These 
input/output interfaces make it possible to transfer the data at speeds as high as 1 00 MHz or more, which is well greater 
than 50 MHz. 

However, conventional semiconductor integrated circuits equipped with such input/output interffaces involve many 
problems, which will be explained later In detail in contrast with the preferred embodiments of the present invention. 
20 A main object of the present invention is to provide a semiconductor integrated circuit equipped with an input circuit 
or an output circuit adapted for an input/output interface suitable for a small-amplitude operation. 

A first object of the present invention is to provide a semiconductor integrated circuit equipped with an input circuit 
that can be adapted for both the high-speed transfer (importance is placed on the transfer speed) and the low-speed 
transfer (importance is placed on the electric power efficiency.) 
25 A second object of the present invention is to provide a semiconductor integrated circuit which exhibits performance 
adapted for various modes and improved compatibility, by using two sets of output transistors having optimum internal 
resistances depending upon the signal interfaces (CTT or GTL) of very small anrplitude levels and the signal interfaces 
(CMOS or TTL) of large amplitudes. 

A third object of the present invention is to provide a semiconductor integrated circuit which is immune to noise and 
30 can be well combined with a three-state type output circuit by optimizing the judgement reference level of a differential 
amplifier circuit. 

A fourth object of the present invention is to provide a semiconductor integrated circuit equipped with an output cir- 
cuit having improved compatibility which can be used for every one of CTT, TTL and GTL 

A fifth object of the present invention is to provide a semiconductor integrated circuit which can be used for both the 
35 signal interface having a large logic amplitude and the signal interface having a small logic amplitude. 

A sixth object of the present invention is to provide a semiconductor integrated circuit equipped with an output cir- 
cuit which can realize a high-speed operation and enhance the drivability of output transistors. 

According to a first aspect of the present invention, there is provided a semiconductor integrated circuit comprising 
a switching means which controls the supply of power-source voltage to a signal amplifier circuit that receives input sig- 
40 nals, and a control means which selectively turns said switching means on and off depending upon the amplitude or the 
frequency of said input signals. 

According to a second aspect of the present invention, there is provided a semiconductor integrated circuit com- 
prising: a pair of differential transistors which apply to one control electrode an input signal that changes with a first fre- 
quency or with a second frequency lower than said first frequency and apply to the other control electrode a reference 
45 voltage that corresponds nearly to an intermediate value of the logic amplitude of said input signal; a transistor of the 
low-potential side disposed between said pair of differential t-ansistors and a power source of the low-potential side; a 
transistor of the high-potential side disposed between said differential transistors and an active load or between the 
active load and a power source of the high-potential side; a first control voltage-generating means for generating a con- 
trol voltage which rerxiers both said low-potential side transistor and said high-potential side transistor conductive when 
so the frequency of said input signal is near said first frequency; and a second control voltage-generating means for gen- 
erating a control voltage which renders either said low-potential side transistor or said high-potential side transistor con- 
ductive depending upon the logic state of said input signal when tiie frequency of said input signal is near said second 
frequency. 

According to a tiiird aspect of tiie present irrvention. there is provided a semiconductor integrated circuit comprising 
55 a comparator circuit which detects the magnitude of an input voltage with respect to a voltage that serves as a refer- 
ence, and an input circuit in which first and second transistors that control the power source current to said comparator 
circuit are connected between first and second power sources and said comparator circuit, and an input signal fed to 
said comparator circuit is also fed to said first and second transistors. 
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